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SECTION I
E_TROD UCTION
BACKGROUND
One of the major tasks of the National Aeronautics and Space Administration
(NASA) is planning for the manned exploration of space. In support of manned
lunar exploration the Apollo Logistics Support Systems (ALSS), the Lunar
Exploration System for Apollo (LESA), and Apollo Applications Program (AAP)
concepts are being studied. Associated with each of these programs are
manned lunar roving vehicles. The ALSS vehicle is designated the Lunar
Mobile Laboratory (MOLAB), the vehicle associated with LESA is designated
the Lunar Roving Vehicle (LRV), and a 3-man Lunar Excursion Module (LEM)
has been proposed for some AA Programs. Each of these vehicles would house
a two-man crew and would provide a shirt-sleeve environment for the crew to
pursue scientific missions on the lunar surface. During these scientific
missions, ingress-egress operations and exploration of the lunar surface
are required of the crew while wearing full pressure suits. These-tasks are
in addition to the vehicle driving, navigation, reporting, recording, system
monitoring, and station-keeping tasks that must be accomplished.
To accomplish the planned missions, a vehicle with a high degree of self-
sufficiency is required. Workspace layout, utilization of comestibles, sys-
tem monitoring and a number of other problem areas must be considered in
the design of crew-stations and in the operation of the vehicle. Strong
emphasis must be placed on the human factors aspects. Human and man/
system requirements must be determined through quantitative research in
order to provide criteria for choosing among alternative mission and
vehicle design concepts.
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OBJEC TIVES
The basic objectives of this study were to:
A, Establish design criteria for cabin free-volume (e.g_, workspace,
standing room, and suit donning space), sleeping provisions and
requirements, emergency procedures, and crew safety, in relation
to a typical lunar roving vehicle mission.
Bo Identify the essential variables involved in the selection of design
criteria_ The variables were to be weighted as to relative impor-
tance singly and in interaction.
C. Design and implement an experimental testing program to obtain
quantitative data for the essential variables delineated,
STUDY TASKS
In meeting the objectives of this study the following tasks were accomplished
following a survey to define study needs (see Appendix A) and preliminary
task and time analyses (see Appendix B).
A. Volumetric Requirements Investigation
I. A representative task schedule for a selected mission profile
was delineated for the MOLAB and LRV missions_
2_ Minimum-volume limits were determined for the selected
task schedule, (considering regular duties, utilization of
expendables and comestibles, doffing and donning of protec-
tive clothing, as well as certain critical duties).
12504-ITR- i
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. Engineering experiments were performed to determine optimum
volume criteria while also considering secondary factors such as
crew comfort.
B. Sleeping Requirements Investigation
. Engineering criteria experiments were performed to determine
minimum sleeping provisions based on known diurnal sleep/rest/
work schedules and on the mission/task analyses.
. Physiological and behavioral experimental tests were performed
to validate the recommended minimum sleeping provisions.
Electro-physiological recordings were obtained in a separate
sleep capability study (see Appendix C).
C. Emergency Procedure Investigation
Emergency rescue procedures were simulated to determine the
airlock volume required to retrieve a disabled crewman from
the lunar surface.
. Measurements were made of various human psychomotor
capabilities that are considered typical of the class of responses
needed for repair of equipment failures in the vehicle.
. A validation study was conducted in which subjects performed a
series of internal vehicle tasks while wearing pressurized suits.
The purpose of this particular phase of the study was to verify
that the previously determined volumes were adequate when the
crew was working under conditions simulating a loss of cabin
pressure.
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SUMMARY OF PRINCIPAL RESULTS
The study described herein was a preliminary investigation into several
facnts of the lunar exploration system and extended mission. It was not
the intent of this study to provide final and unequivocal solutions to speci-
fic problems or to produce design criteria to be accepted as absolute
standards for future system design. Rather, the purpose of the study was
to provide a preliminary, yet quantitative, assessment of the actual and
potential problems that may be anticipated in these diverse areas. The
study also provides a comparative basis upon which to analyze alternative
system concepts.
The more pertinent findings of the program are presented below:
Crew proficiency is related to the amount of free volume
provided for nearly all simulated tasks.
The acceptable minimum free volume for a two-man crew
and the task schedule tested is 4.39 cubic meters (55 cubic
feet).
The acceptable minimum floor area for a two-man crew and
the task schedule tested is 1.95 square meters (21 square
feet).
The minimum height of the vehicle interior should not be less
than approximately 90 percent of the subjects' standing height.
Emergency operations consisting of rescuing a disabled crew
and vehicle operation under pressurized suit conditions are
feasible under specified minimum conditions.
Difference in meal scheduling had no consistent influence on
either physiological or performance parameters.
12504-!TR- 1
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No significant differences were found in the amount of sleep
obtained under the conditions tested.
The monitoring of physiological parameters (a) permitted
the detection of major volume decrements in work space,
(b) allowed physical effort required by emergency tasks to be
objectively recorded, {c) permitted task efforts to be measured
and compared as a percent of maximum effort and (d) provided
an objective means of assuring the subject's well-being.
A complete summary of findings is presented in Section IV of this report.
12504-ITR-I
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SECTION II
TEST PROGRAM OVERVIEW
A flow diagram of the study program is shown in Figure 2-1. The initial
input to the program consisted of a set of NASA-supplied study guidelines
and system constraints which _lefined the mission and some of the basic
limitations that would be placed on the crew and equipment. This material
was used to structure the later phases of analysis and simulation. As shown
in the flow diagram, the basic philosophy that was followed in the program
was to use a "building-block" or sequential approach in which each successive
phase of the study was based on those which had preceded it. Starting with
the initial survey and analyses, the program developed into a series of
design criteria experiments. Each experiment was progressively more
complex and comprehensive than the previous ones and covered longer
mission time periods. The initial empirical studies were simulations of
individual tasks from which baseline performance and physiological data were
derived. Following these studies, integrated crew-task studies of increasing
length were performed, ending in simulation of three-day portions of lunar-
surface missions. Throughout the program, methodologies, apparatus, and
procedures that were developed during a particular set of simulations were
used in the succeeding phases.
Three separate efforts were conducted in support of the simulation programs.
A survey of human factors experts who judged the needs for
further research in various areas relating to man-system
performance was conducted. The results of this survey are
included as Appendix A to this report.
A crew task analysis to determine representative time-line
summaries of crew activities. Time lines for the MOLAB and
LEM Shelter/LSSM missions are presented in Appendix B.
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Figure 2-1. Program Flow Diag.-am
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A sleep provisions s tudy to evaluate man's ability to sleep while
wearing a vented pressure suit in two supine positions.
Appendix C presents the methodology and results of this study.
The simulation program itself consisted of four different classes of studies
dealing with different crew tasks and simulation durations.
. Airlock studies which established minimum and optimum airlock
volumes for the donning and doffing of pressure suits and also served
to develop and refine the methodology used for obtaining physiological
and performance data were carried out.
. Three-hour simulation experiments utilizing the entire cabin were
conducted to determine the effects of variations of duty-station free-
volume on operator performance and on operator physiological
parameters.
o Ten-hour simulation experiments were used to integrate crew task
workspace volumes, establish minimum and optimum volumes, and
to validate results of task-schedule analyses.
. Finally, seventy-two hour simulation experiments were conducted
to determine the effects of a prolonged stay at the "minimum" volume
on task performance under various mission and meal schedules.
The following sections of this report describe the methodologies and results
of each phase of the program.
12504-ITR- 1
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SECTION III
SIMULATION PROGRAM
INTRODUCTION
Due to the severe weight and volume constraints associated with any lunar
exploration vehicle or shelter it is essential that valid design criteria be
developed for specifying the required extent and geometry of cabin free-
volume. Cabin free-volume is defined as that volume provided in the form
of work areas, sleep areas, and cabin aisles. Cabin free-volume does not
include space allocated for fixed equipment or equipment storage areas.
The problem of establishing valid volume criteria is compounded by several
factors.
First, workspace recommendations available in existing literature generally
specify extremely liberal minimum requirements since the primary concern
is with positioning the operator's displays and controls in an optimized
arrangement. The design goal is to keep the various elements of the task
within the operator's reach or line of sight. In the case of the lunar explora-
tion system the workspace design problem requires a shelter that is as small
as possible without impairing operator efficiency to the point that mission
success or crew safety is compromised.
Second, establish design criteria for a lunar surface system for a proposed
mission imposes unique requirements on both the crew and their equipment.
The system must operate effectively in an unfamiliar environment and must
be completely self-sufficient. The crew must function in this environment
and be protected from its hazards while performing tasks that are time-
critic al.
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Third, design criteria must be developed over a range of values to permit
trade-off evaluations. It is imperative to be able to describe in quantita-
tive terms the extent of crew performance degradation, the physiological
costs, and the reduction in crew comfort for various levels of cabin free-
volume below some optimum amount. The purpose of the simulation
studies described in the following sections was to provide these parametric
data for later application in system trade-off studies.
The remaining subsections of this report describe facilities, experimental
program, methodologies and study results. Decrements in crew perform-
ance on various simulated lunar exploration tasks have been quantified in
terms of performance and physiological parameters. The magnitude of
these performance decrements has been shown to be a function of the
amount of free-volume in which the task was performed. The resultant
volumetric criteria are intended to serve as initial design boundaries.
These criteria must, of course, be updated and refined as more informa-
tion concerning the operation of specific vehicle and shelter subsystems
become s available.
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AIRLOCK SIMULATION STUDIES
Introduction and Purpose
The primary objective of the initial series of simulation studies was the
establishment of the minimum and optimum airlock volumes for one-man
donning and doffing of the pressure suits and for the operation of the airlock
pump and hatch controls. A secondary objective of this study phase was to
develop and refine the methodology for obtaining physiological and perform-
ance data. The equipment and methods employed to obtain these data are
discussed in the section, Crew Tasks and Task Measures.
The terms "minimum" and "optimum" volumes when used to designate the
dimensions or volumes of various duty stations of the simulator are defined
in terms of operator proficiency and comfort. The "minimum" volume is
that volume within which the crew is able to perform the delineated task
schedule at an acceptable level of proficiency. The "optimum" volume
boundary takes into account secondary factors such as crew comfort as well
as efficiency. Consequently, while the acceptability of either volume boundary
condition will be judged in terms of operator proficiency (by means of per-
formance and physiological measures) the optimum volume condition must
also be judged in terms of crew comfort.
The testing done to determine these parameters was accomplished in two
separate phases. Phase A testing was concerned with minimum-volume
studies. Phase B dealt with the optimum-volume determination.
Phase A (Minimum-Volume) Test Plan
With the data obtained in the airlock preliminary sizing tests it was possible
to establish minimum values for two dimensions of the airlock. Based on
measurements of the pressure-suited subjects a depth of 66.04 cm (26 inches)
12504-ITR- 1
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was determined to be the practical minimum. The minimum width required
was established to be 71. 1 cm (28 inches). Minimum airlock height was next
determined. Ina series of tests, airlock height was varied in accordance
with the following schedule.
Subject 1 Subject 2
Trial i h - 17. 8 crn (h - 7") h+ 2.54 cm (h+ i)
Trial2 h - 10.2 cm (h - 4") h - 2. 54 cm (h - i)
Trial 3 h - 2.54 cm (h - i") h - 10.2 cm (h - 4)
Trial4 h+ 2.54 cm (h+ 1") h - 17. 8 cm (h - 7)
Note: "h" is the pressure-suited height of the subject.
Test Procedure
The following sequence was repeated for each value of the height variable:
I. The subject entered the airlock wearing the suit undergarment.
Physiological electrodes had been previously attached.
2. The subject's pressure suit, gloves, boots, helmet and backpack
were supplied to him. These were positioned by the subject in
what he considered the best locations in the airlock.
. After a 5-minute rest period, the subject donned the entire pressure
suit assembly according to the detailed test procedure of Figure 3-1.
A small retractable chair was provided in the airlock for the subject
to use in donning and doffing the lower half of the suit.
4. At preselected intervals, physiological data were recorded.
. Continuous recordings of lapsed time and subject-facility interfer-
ence were made by the experimenter and by photographic techniques.
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DATE_
TASK: Suit Don and Doff in the Airlock - Unassisted
EXPERIMENTAL CONDITIONS:
SUBJECT:
INITIAL CONDITIONS:
SUBTASKS
DETAILED TEST PROCEDURE
Phase A
Est. Minimum Size
RECORDER:
(t) Subject wearing undergarments and electrodes only.
(2) Suit, boots and backpack are stored in the airlock.
TIME
REQ'D
5 rain
1 rain
1 rain
1. Rest in alrlock and take
data last minute
2. Don lower half of suit
and boots
3. Attach ventilation and
don upper half of suit
4 Connect umbilical
5. Zip suit and adjust straps
6. ['_n hf Irr_et
7. Don backpack
8. Don glores
9. Take D_ta (25 cm/sec)
l0 Turn smal_ wheel one turn
CXV
1 i. Turn hnlcb wheel foul- lurns
Cl_
12 Take Data
13. Remove gloves
14. Remove backpack
15. Remove helmet
16. Disconnect umbilical
17. Doff upper half of suit and
connect umbilical
18. Take Data
19. If repeat, go to Step 3
20. Doff lower half of suit and
boots
PHOTO
PHYS.
DATA
X
1 frame/
4 sec
] frame/
4 sec
l frame/ X
4 sec
I frame/ X
4 sec
] frame / X
{4 sec
1 frame/
14 see
1 frame/ X
14 sec
1 frame/ X
4 sec
1 frame/ X
4 sec
1 frame/ X
4 sec
1 frame/ X
4 sec
I frame/ X
4 sec
1 frame/ X
4 seE
I frame/ i X
4 sec
INTERFERENCE
NOTED
5 rain X
X
NOTES
Figure 3-1. Detailed Test Procedure - Pressure Suit
D on and D off
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o When the subject completed the donning portion of the test, he
performed simulated "pump-down" and "hatch-opening" opera-
tions. Then he rested in the airlock for five minutes.
o After the rest period, the subject doffed the entire pressure-suit
assembly and upon completion rested for five minutes while the
airlock volume was adjusted for the next run. Physiological data
were recorded during this interval.
Figure 3-1, illustrates the step-by-step activities of the subject, and the
experimenterls recording schedule for elapsed time, physiological data,
camera rates, and interference notations.
Phase B (Optimum-Volume) Test Plan
To establish the optimum volume for suit donning and doffing, the airlock
was enlarged in width and height to provide the subjects with a workspace
envelope that wouid minimize subject-facility interference and reduce the
amounts of work required in the tasks. The bases for enlarging the facility
were the time-lapse photographic records made during Phase A, the experi-
menters notations of interferences, and the subject's comments concerning
areas of interferenee. The dimensions of the airlock for this condition were
height h- 2.54 cm (h-l), width 91.4 cm (36 inches) and depth 76.2 em (30
inches)
Test Procedure
The same test procedure was followed as in the Phase A tests. The results
of the two phases of testing are presented and discussed below.
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Results and Discussion
Histogram plots of don/doff tasks versus time are presented in Figures 3-2
and 3-3. Donning of the lower half of the suit was done in a sitting or stoop-
ing position and therefore was unaffected by the ceiling height. This is
verified by the equal donning times recorded for each subject under all
conditions tested. As expected, donning times for the other suit elements
increased as the height was lowered. However, in this case it also appears
that learning played a major role in these tasks. Subject 1 followed a sequence
of heights from lowest h - 17.8 cm (h-7") to highest h + 2.54 cm (h+l"). The
sequence of heights for Subject 2 was reversed. A parallel ordering effect is
evident in the data.
Basic differences in the two suits and differences in the activities required
to doff and don are evidenced by difference in the times required by the two
subjects to perform identical tasks. For example, the times required to
zip and adjust the Goodrich suit were considerably less than those for the
same task with the Arrowhead suit. This occurred primarily because of the
double spiral zippers on the Arrowhead suit which were extremely difficult
to close in the limited airlock area. The task of doffing the upper half of the
suits was, however, accomplished in considerably less time with the Arrow-
head suit under all conditions tested.
The effect of learning to don and doff pressure suits in the cramped airlock
was clear. For nearly all airlock heights, the first trial took the longest
time. However, if the first trial is considered a practice trial and is
eliminated, the inverse relationship between airlock size and time require
becomes more apparent. (This eliminates trial h - 17.8 cm (h-7") for
Subject 1 and h + 2.54 cm (h+l") for Subject 2. ) Thus, despite the fact that
prior to this series of tests, each subject had donned and doffed his entire
pressure suit approximately 20 times. Once in the airlock, the subjects
adapted their usual don/doff procedures to the limited space available.
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Table 3-1 lists subject-facility interferences and specific donning/doffing
difficulties noted during the test trials. The height of the airlock is noted
in the left column of the table.
As ceiling height was lowered, both subjects experienced more frequent
interferences. It is significant to note that if the height was less than
h - 2. 54 cm (h-l"), the Arrowhead suit (Subject I) could not be zipped up
even with assistance. The zipper would not function unless the torso was
reasonably upright. This, in addition to the qualitative response from the
subjects, forms the basis for establishing a minimal airlock size.
The physiological data obtained during these runs are presented in histogram
form in Figures 3-4 through 3-8. All data are presented in terms of a per-
centage increase over the subjectls normal rate (defined as the average of
the subjects I resting data prior to the start of each days testing).
Heart rate changes for each subject as a function of donning and doffing the
various suit elements are presented in Figures 3-4 and 3-5. The most
apparent feature of these charts is that the suit doffing tasks appear to be
more easily accomplished than the suit donning tasks. Also, there appears
to be an interaction between airlock volume, time required by a subject to
complete the task, and heart rate change. Either a decrease in volume or
shortened task time is capable of increasing the subjectls heart rates. This
is most apparent in the case of Subject 2, whose heart rate was highest for
several of the donning subtasks when the airlock was set at the optimum or
least restricting dimensions. Inspection of the time data at the bottom of
these figures indicates that, under the optimum conditions, this subject per-
formed the task in considerably less time than he did under the more
restricting h- i0.2 cm (h-4 'I) and h - 17. 8 cm (h-7") conditions.
The respiration rate and blood pressure data (Figures 3-6 through 3-8) follows
the same general pattern as the heart rate data. The difference in task diffi-
culty is much more apparent in Subject 21s data, where the changes are
considerably larger for the donning task than for the doffing tasks.
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The respiration and heart rate data are summarized in Table 3-2. These
data are averages across both subjects of all measured rates for the entire
session. The heart rate data in the don and doff rows show the expected
increase in rate with volume decrease. To the extent that differences of the
magnitude shown in this table can be interpreted, it appears that the work-
load associated with suit donning and doffing, as reflected in these physiological
parameters, is independent of the volume. This, of course, assumes that a
volume is provided that will permit an adequate range of movements.
Conclusions
Based on this data, it appears that the minimum height required for efficient
pressure suit donning and doffing by one man is approximately 2.54 cm (one
inch) less than the subject's pressure-suited height. A width of 71. 1 cm (28
inches) and depth of 66.0 cm (26 inches), although extremely confining, appear
to be adequate for the required suit donning and doffing and hatch-opening
maneuvers under normal conditions.
The height of an optimum-sized airlock for one-man suit don-doff tasks is
also h - 2.54 cm (h - 1"). This height permits the subject to stand with only
a slight stoop and appears to cause no appreciable discomfort over the time
periods tested. A width and depth of 91.1 cm (36 inches) and 76.2 cm (30
inches), respectively, permit the subject an adequate range of movements in
the airlock without major subject-facility interferences.
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Table 3-2. Heart and Respiration Rate Data Summary
For Subjects 1 and 2
Mean Percent Increase in Heart Rate
Task
Conditions
Rest
Don
Rest
Doff
Rest
h + 2.54 cm
(h + i")
5
63
21
49
17
h - 2.54 cm
(h- 1")
-I
53
23
43
16
h - i0.2 cm
(h- 4")
i0
65
30
49
7
h - 17.8 cm
(h- 7")
6
70
28
57
9
Opt.
II
74
37
5O
34
Mean Percent Increase in Respiration Rate
Task
Conditions
Re st
Dsn
Rest
Doff
Re st
h + 2. 54 cm
(h + I")
4
96
4
75
12
h- 2. 54 cm
(h- i")
-3
73
11
77
20
5
74
-4
71
ii
h - 17. 8 cm
(h- 7")
-3
86
-5
79
2
Opt.
0
74
4
56
-7
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SUBJEC TS
Three male members of the Honeywell engineering staff served as subjects.
All subjects attended a two-day pressure-suit familiarization course at the
Navy Aviation Physiology Training Unit, San Diego, where they were indi-
vidually fitted with Navy Mark IV pressure suits and briefed as to suite
opera ti on.
In order to make the volumetric studies with the three subjects more appli-
cable to a greater variety of subjects, certain anthropometric measurements
were taken in order to (a) determine the basic physical dimensions of the
subject, and (b) permit the classification of these dimensions in standard
population percentiles. Physical dimensions were chosen which define the
basic volume occupied by the standing and seated subject. These dimensions
are stature, shoulder height, sitting height, shoulder breadth, and chest
depth. In addition to these dimensions, the subject's functional reach, maxi-
mum reach, and weight were recorded. The measurements and percentile
ratings were taken in accordance with the procedures and methods cited in
reference 1. The results are shown in Table 3-3.
By classifying the subjects' physical dimensions in terms of standard popula-
tion percentiles, it is possible to relate study results dependent on these
subjects' physical sizes to persons falling in different physical percentiles.
The linear workspace dimensions presented in the following sections of this
report are based on the anthropometric data shown in Table 3-3.
Furthermore, certain subject tasks may be critically dependent on a parti-
cular physical dimension (e. g., sitting height or stature). Based on the
analytical and empirical results of the study program, critical anthropometric
dimensions are identified and used as a basis for sizing individual duty
stations. By considering linear duty station dimensions as a percent func-
tion of critical subject dimensions, duty station sizing results from this study
can be applied to a variety of subjects.
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SIM ULATORS
Two different facilities were used in the simulator phases of the study.
Airlock Simulator
An airlock simulator was constructed for volumetric studies of the airlock
pump-down cycle and of one-man suit don/doff tests. This airlock, repre-
sented in Figure 3-9, was octagonal in shape, 121.9 cm (4 feet) long and
213.4 cm (7 feet) in diameter. The sides, ceiling, and fore-and-aft bulk-
heads were adjustable in 2.54 cm (one inch) steps, thereby permitting the
internal volume of the simulated airlock to be set at any desired value by
variation of the height, width or depth dimensions.
Full Cabin Simulator
Upon completion of the airlock tests, a full-sized cabin simulator was
constructed for use in the three-hour, ten-hour and three-day studies
(see Figures 3-10, 3-11, and 3-12). This simulator was a large cylindrical
structure with inside dimensions of 213 x 396 cm (7 x 13 feet). A 112 cm
(44 inch) chord-section provides a floor. Rather than attempting to duplicate
any specific cabin design the simulator was purposely designed and constructed
to include what were felt to be the better features of several different vehicle
concepts.
As in the case of the airlock simulator, all of the walls, ceilings and bulk-
heads in the cabin simulator were adjustable over a wide range of dimensions.
In this way it was possible to provide the range of volumes and areas that
were required.
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25.4 x 25.4 cm WINDOW (10 m x i0"}
Figure 3-9. Preliminary Airtock Design
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The simulator incorporated pressure-suit support equipments food storage
and preparation facilities, internal lighting and ventilation, and communica-
tion linkages to the experimenterls station. Umbilical wires were provided
between the outside physiological and performance recorders and the cabin
interior, permitting continuous recording of selected parameters while the
subjects performed their tasks.
The interior of the simulator is divided into five different duty stations or
work areas. The various crew tasks that were simulated were performed
at these duty stations. The tasks were assigned to the different duty stations
on the basis of their functional similarity and their sequencing in the schedule.
For example, the "backpack" life support system (PLSS) checkout task and
the suit checkout and maintenance task were assigned to the same duty sta-
tion because of their requirements for similar support equipment, e.g.
compressed air, cleaning materials, and power supplies. By treating the
crew tasks on an integrated duty station basis rather than on an individual
task basis, the separate duty station volume requirements can legitimately be
summed to yield a composite vehicle volume requirement. The volume
requirements for individual tasks would, on the other hand, sum to a total
considerably larger than the actual vehicle volume.
The entrance to the simulator was through a door, 76.2 x 152.4 cm (30" x 60"),
which opens into the airlock. A second door at the opposite (interior) end of
the airlock opened into the main cabin. The airlock, when expanded to its
maximum size, was I01.6 cm (40 inches) wide, 106.7 cm (42 inches) deep,
and 182.9 cm (72 inches) high. It contained 1.08 m 2 (11.6 square feet) of
usable floor area and provided a volume of i. 98 m 3 (70 cubic feet). About
I. 64 m 3 (58 cubic feet) of storage space existed between the airlock walls
and the external shell of the simulator.
The maximum dimensions of the central working and sleeping area of the
simulator were 152.4 cm (60 inches) long, 88.9 cm (35 inches) wide and 182.9 cm
(72 inches) high. This area contained I. 39 m 2 (15 square feet) of usable floor
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area and a volume of 2.75 m 3 (97 cubic feet). A 99 cm (39 inch) high
counter on starboard side for use by the subjects while standing, and a
76.2 cm (30 inch) high counter on the port side for use in a sitting position,
flanked,the work area. The 99 cm (39 inch) high counter, when adjusted to
its maximum size, was 152.4 cm (60 inches) long and 60.96 cm (24 inches)
deep with 0.924 m2 (I0 square feet) of usable work area. The height of the
work area was 63.5 cm (25 inches). The volume in this work station was
approximately 0. 510 m 3 (18 cubic feet) - limited by the curved wall of the
simulator. The 76.2 cm (30 inch) high counter was also 152.4 cm (60 inches)
long and 60.96 cm (24 inches) deep thereby providing 0. 929 m2 (I0 square
feet) of work area when set at its maximum dimensions. This work area was
also 63.5 cm (25 inches) high. Both areas were illuminated by fluorescent
tubes. 2.04 m3 (72 cubic feet) of storage area were divided evenly between
the two counters. Air regulators for inflating pressure suits were mounted
on the outside corner of each counter adjacent to the airlock bulkhead.
An aisle 71.3 cm (28-1/2 inches) long, 46.6 cm (18-1/3 inches) wide and
182.9 cm (72 inches) high led from the working and sleeping area into the
cockpit area. The driver's chair was located on the left and the monitor's
chair on the right. Both chairs rested on a platform 25.4 cm (10 inches)
above the floor. The seat pan of both chairs were 53.3 cm (21 inches) above
the platform and is 60.96 cm (24 inches) wide. The chair and ceiling arrange-
ment provided a maximum of 0. 538 m 3 (19 cubic feet) of volume for the driving
task and a similar amout for the monitoring task.
The control console consisted of one horizontal panel across the front of the
cockpit 78.7 cm (31 inches) above the platform and a second panel sloping
back 33° , above the first. 0. 929 m 2 (ten square feet) on the sloping panel
and 0. 650 m 2 (7 square feet) on the horizontal panel provided space for the
controls and displays required for the operation of the various simulated tasks
and the cabin subsystems, i.e., lighting, ventilation, and communication.
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Duty Station Task Breakdown
The various tasks performed at each of the duty stations within the vehicle are
listed below.
Duty Station I - This duty station was in the forward section of the vehicle.
Tasks performed hcre were:
1. Driving
2. Monitoring displays while driving
3. Communications tasks
4. Systems checkout
5. Rest after extravehicular excursions
6. Navigation - calculation tasks
7. Monitoring of subsystem performance
8. Reaction time measurement
Duty Station II - This station was in the airlock or aft end of the vehicle.
Tasks were:
o Pressure suit don and doff
2. Egress and ingress from the vehicle
3. Systems checkouts
4. Emergency rescue operations
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Duty Station III- This station was along the left side, looking forward, of the
vehicle. The tasks were:
1. Intravehicular scientific mission tasks
2. Communication tasks
3. Food preparation
Duty Station IV - This station was along the right side, looking forward,
the vehicle and was opposite Duty Station III. Tasks and functions were:
1. PLSS checkout, maintenance, and repair
2. Pressure suit checkout, maintenance, and repair
of
Duty Station V - This station was in the center aisle of the vehicle between
Stations HI and IV. Tasks were:
1. Sleeping
2. Exercise
3. Navigation - sighting task
4. Sitting area while eating
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CREW TASKS AND TASK MEASURES
This subsection describes the simulations that were used for the major crew
tasks. Each task is described in terms of the simulation provided, the
requirements placed on the operators, and the performance variables that
were measured. The techniques that were used to record and interpret the
physiological data are also discussed.
Driving Task
The driving task was located in the left-hand side of the forward cockpit area,
i. e., Duty Station I. The hand controller used in the driving task was mounted
on the panel directly in front of the subjectts right arm and an array of lamps
simulating various command headings were mounted in the driverls window
(see Figure 3-13). One lamp at a time was illuminated in a random sequence.
The driver's task was to bring the heading indicator into alignment over the
light as quickly as possible using the hand controller. A direct mechanical
linkage was provided between the hand controller and the heading indicator. A
photoelectric cell mounted in the heading indicator was used with a clock-
timer to record the amount of time that the indicator was correctly aligned.
The command heading indicator lights on the display were programmed to
change at one of three different inter-signal intervals: one and one-half
seconds, five seconds, or ten seconds. The frequency of heading-change
commands was varied in randomized order at ten-minute intervals during
the forty-minute driving period. Consequently, the driver performed the task
for ten minutes at one "speed", the following ten minutes at another speed and
so on until the driving period was completed.
Correct alignment time was recorded at two-minute intervals throughout each
ten-minute period. By subtracting the time that the driver was actually "on-
course" from 120 seconds it was possible to determine the amount o of time
that the driver spent "off-course". This off-course time was divided by the
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number of programmed heading changes that had occurred during the two-
minute interval to give "Average Time Required to Acquire New Headings. "
Monitoring Task
The monitoring task was performed on the right-hand side of Duty Station I.
A red light mounted in the panel directly in front of the subject was illumi-
nated whenever the driver did not have the proper heading alignment. When
this light was illuminated the subject was required to depress a panel button
which energized a clock timer, thus accumulating a "monitored off-course"
time. The actual off-course time was computed from the clock timers for
driving task and was then compared to the time accumulated by the monitor's
clock. The performance measure that was used was the ratio of the monitored
"off-course" time to the actual "off-course" time.
In addition to the above monitoring task the subject occupying this duty station
was required to continuously monitor and null, randomly occurring error
signals on a panel-mounted meter. The error indication was controlled by
the experimenter who introduced error signals intermittently throughout the
task. The subject nulled this meter deflection by a panel-mounted control
knob. A pen recorder provided a permanent record of the subject's reaction
times and the accuracy of his adjustment.
Navigation
The navigation task required the subject to determine the distance between
pairs of markings on the laboratory wall (see Figure 3-14). The angle
between two markings was measured using a periscope equipped with a pro-
tractor. Through the use of trigonometric functions, the angle measured,
and the given perpendicular distance to one of the markings, the subject
calculated the distance. The task required the subject to install the periscope
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Figure 3-14. Duty Station IV, Navigation Task  
12504-ITR-1 
3-34
and related equipment in the ceiling of Duty Station V and then to remove and
stow the equipment each time the task was performed. All calculations were
done in Duty Station I. The task was completed when the subject communicated
his findings to the test conductor. The subject was scored on both accuracy
and the time needed to perform the task.
Food Preparation
Duty Station III was utilized for storage and preparation of food for both sub-
jects (see Figure 3-15). Equipment for the task included an electric hot
plate, a container to heat water, a graduated cylinder for measuring water,
a funnel and spring clips to hold food bags closed while mixing or soaking
the food during the rehydration process. The initial step was to heat water
to 140° F for preparation of hintfoods and coffee. While the water was heat-
ing, the subjects checked the meal schedule to determine the amout of water
needed for the meal and began mixing cold foods and beverages. A mea-
sured amount of hot or cold water was added to each plastic bag of food and
mixed with the contents. As soon as the food was thoroughly mixed it was
eaten by squeezing the food through the pointed end of the bag into the mouth.
After finishing the meal, the subjects cleaned and stowed the utensils and
water containers. Empty food bags and waste were put in a container whieh
was removed by the experimenter.
Pressure Suit and PLSS Checkout
The helmet and suit checkout tasks were performed in Duty Station IV. The
helmet was examined for possible damage, the oxygen regulator was placed
in the "on" position and the O-ring was lubricated. After completing this
check, the helmet was stowed and the suit checkout was performed. The
gloves and suit torso were examined for signs of wear and for simulated rips
(pieces of electrical tape which the experimenter occasionally place;a in the
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Figure 3-15. Duty Station 111, Food P repa ra t ion  Task  
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suit). All zippers and O-rings were then lubricated and the suit rezipped and
stowed. The subjects' performance was evaluated in terms of the time neces-
sary to complete the task, and the reported condition of the suit after the
examination.
The portable life support system (PLSS) checkout consisted of replacing two
batteries and a LiOH cannister and recharging the oxygen supply (see
Figure 3-16). The subject was scored in terms of elapsed time and the
accuracy with which he made the required replacements.
Data Communications
In addition to the continuous communications that were maintained during the
study, a specific reading task was used to simulate communication of data
between the two subjects. During outside tasks, the surface operator was
required to transmit a standard set of data from a chart to the subject
remaining inside. After the outside tasks had been completed and the suits
doffed, the inside subject read his chart over the intercom to the test con-
ductor. Both subjeets were graded on the quantity and quality of the data that
were transmitted and recorded.
Suit Don/Doff
The suit donning task was performed in the airlock (Duty Station II). Prior
to donning the suits, the subjects brought their helmets, boots, gloves, one
backpack (PLSS), air hoses and related equipment into the airlock and closed
the inner cabin door. The suits were kept stored in the airlock. Both sub-
jects donned their suits at the same time, assisting each other as necessary.
The subject who was to be pressurized donned the backpack and connected the
oxygen hose and the suit pressurization controls. As soon as all hose and
communications connections were checked out and functioning, the suit was
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Figure 3-16. Duty Station IV, PLSS Support Task 
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pressurized. The other subject left the airlock and waited in Duty Station I
while the pressurized subject initiated the five-minute airlock pump-down
cycle prior to egress from the simulator. The subjects' performance was
evaluated in terms of the time necessary to don the suits.
As with suit donning, the suit doffing task was performed by both subjects
simultaneously in the closed airlock. The pressurized subject first entered
the airlock from the outside and initiated a five minute pump-up cycle. As
soon as he depressurized his suit the other subject joined him in the airlock
and they doffed their suits, again offering mutual assistance. Following
suit doffing, the inner cabin door was opened and the helmets, boots, gloves,
backpack (PLSS) and other related equipment were stowed in the Station IV
storage area. Subjects I performance was evaluated from recorded physiolo-
gical measures and by the time necessary to doff the suits and stow the equip-
ment.
Scientific Tasks
All inside scientific tasks were performed in Duty Station III. Two different
tasks were simulated. The first required the categorization and sorting of
simulated geological material and the second required the microscopic
examination of specimens. For this latter task, the outside diameters of
twelve different-sized metal rings were measured with a traveling micro-
scope. The diameters were recorded to the nearest 2.54 x 10 -4 cm
(1/10,000 inch). The subjects' performance was evaluated in terms of the
elapsed time and accuracy of measurement.
In the sorting task the Subjects were given a container of mixed particles
simulating finely ground geological samples. The subjects I task was to sort
out of twenty particles each of five different-colored samples using tweezers.
Ten particles of each type were placed in five separate containers. Then ten
particles of a different type were placed in each of the containers. The
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subjects were graded on the time necessary to perform the task and the
accuracy with which they counted out and categorized the samples.
Reaction Time Test
Periodically during the experiments the subjects' reaction times were mea-
sured and recorded. The reaction time test consisted of a panel-mounted
signal light and response button located in the driving area of Duty Station I.
The subject, seated in the driver's seat was required to depress the panel
button as soon as the panel light was illuminated. The onset of the light was
preceded by the experimenter announcing ':ready" and thcn within five seconds
the light was turned on. The interval between lights was varied by the experi-
menter from concurrent with the warning of "ready" to five seconds after.
Reaction time was recorded on twenty-five consecutive trials during each
test. A clock timer was used to record the subjectWs reaction time to the
nearest 1/100 of a second.
Sleeping Preparation Task
At the conclusion of each day's activities during the three-day simulations
the subjects cleaned up the simulator interior and readied their sleeping
provisions in Duty Station V. The sleeping provisions consisted of two
bunks, one on the floor in the center aisle and the other positioned thirty
inches above the floor. Both subjects were provided air mattresses and
blankets. Pressure-suit ventilation air was used for inflating the mattresses.
During the sleeping periods the subjects were isolated from all external light
and other disturbances.
Upon awakening in the morning the subjects deflated the air mattresses,
dismantled the upper bunk and stowed all sleeping equipment.
• 12504-ITR- 1
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Physiological Measures
Physiological parameters were monitored throughout the three-hour, ten-hour,
and three-day simulation studies. The parameters recorded were heart rate,
respiration rate, blood pressure and skin temperature. This data was used
for the following purposes:
i. Monitoring the general physical condition of the subjects.
2. Detecting any change in physiological variables which reflected
changes in cabin volume or task assignment.
3. Providing a workload indicator for tasks involving large muscle
groups.
4. Placing an upper limit on the level of physical exertion permissible
during simulated emergencies.
The subjects' physiological data was normalized by interpreting all data as
percentages of maximum steady state values achieved by each subject during
fatiguing work. This provided a means of distinguishing between tasks
requiring little, considerable, and maximal physical effort for the same or
different volumes.
Treatment of Physiological Measurements
A variety of methods can be utilized in presenting physiological data in a
dimensionless form. Since for a given individual there are definite limits
to the range of physiological measurements, it is common practice to
express the data with reference to either the upper or lower limit. If we
let any physiological variable be represented by P with a lower limit of Po
and an upper limit of Pc' three possible methods of expressing the data are:
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a) The ratio of the measured value to its upper limit P/Pc' frequently
expressed as the percent of maximum.
b) The ratio of the increase above the lower limit to the lower limiting
value, P - Po/Po' frequently expressed as a percent increase over
the resting value.
c) The ratio of the measured value to the lower limiting value, P/Po"
These three measures are illustrated in Figure 3-17 for the heart rates of
subjects 1 and 3. Measure C was not used since it is not conveniently
expressed as a percentage. Measure B was used in theairlock suit don/doff
tests. Since in these tests only one duty station and two tasks were involved,
the data could be readily expressed separately for the two subjects, yielding
the percentage increase over resting data for the various volume conditions.
It should be noted (see Figure 3-17), however, that as P values increase,
subject differences on the ordinate become magnified. When testing duty
stations, volumes and two-suit conditions it was desirable to calibrate each
subject against his own upper limits. This permits testing each subject's
effort or their collective effort as a percent of maximum and so reduces
interindividual variability on the P/Pc scale. This technique (measure A,
P/Pc ) was used throughout the simulations and is considered in more detail in
the following paragraph entitled "Calibration and Normalization of Subjects".
Methods and Procedures
Instrumentation - Physiological data were recorded with an E and M Physio-
graph Six using amplifiers and preamplifiers produced by the E and M Instru-
ment Company, Inc. Heart rate, respiration rate, blood pressure and skin
temperature were recorded simultaneously.
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Heart Rate - Heart rate was recorded using electrocardiographic Beck-
man electrodes and a cardiac preamplifier. Good electrical contact
with the skin was obtained using Beckman Offner Paste as the electro-
lyte between the skin and the electrode. Generally good recordings
were obtained by auxiliary lead placement, two pickup electrodes
being placed on either side of the rib cage at the third intercostal
space and the ground electrode being placed below the rib cage and
above and to the right of the groin.
Respiration Rate - The same electrodes used to record heart rate
were also used for recording respiration rates and relative air volume.
The input to the amplifier was coupled through an impedance pneurno-
graph from the cardiac preamplifier. Since respiratory rates
recorded in this manner tend to be disrupted during physically active
tasks, these recordings were taken only during sleep periods. To
assure continuous respiratory rate data, respiratory rates were recorded
during the day using a nasal thermister taped below the subject's
nostrils.
Blood Pressure - Systolic and diastolic blood pressure were obtained
indirectly using an occluding cuff with an automatic cuff pump and a
Karotkoff sound microphone. To obtain blood pressure recordings
while the subject was wearing the inflated pressure suit, the auto-
matic cuff pump and pressure-sensing element were installed in a
special pressure box which permitted the same pressure differen-
tial during cuff inflation as is required when the subject is not in a
pressurized suit. Input to the amplifier was through an electro-
sphygmograph. The cuff was attached to the upper left arm so that
the microphone recorded from the brachial artery.
Facial Skin Temperature - A Yellow Springs Instrument Company No.
409 thermistor taped to the subjectTs left cheek, immediately below
the zygomatic (cheek) bone, was used to measure changes in facial
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skin temperature. The thermistor was connected through a thermistor
bridge and carrier preamplifier to the amplifier.
A sample record of the parameters recorded is shown in Figure 3-18.
Calibration and Normalization of Subjects - In order to provide a basis for
comparing the data obtained from the two subjects in the three-hour, ten-
hour, and three-day experiments under the various task and suit conditions,
it was desirable to transform the data to a common basis. This was done
through calibration and normalization of subject data. This process, as
described below, converted the data to a percentage scale based on maximum-
effort values.
Calibration of Subjects - It is well known that physiological parameters
are subject to great variability. Yet, individual upper limits of heart
rate, respiration rate, and blood pressure exist for any given state of
physical fitness and represent relatively constant maximums. In order
to determine maximum steady-state physiological values, hereafter
referred to as Pc values, each subject was "calibrated" by use of the
Harvard step test. This standardized test (see reference 3) requires
each subject to step on and off a platform at a given rate until five
minutes have elapsed or until the subject is exhausted, whichever
occurs first. A description of the test is given in Figure 3-19. For
experimental purposes heart rate, respiratory rate and skin tempera-
ture were monitored continuously while blood pressure recordings were
made at given intervals after the test. An 45.7 cm (18 inch) step was
used, the stepping rate being 30 steps per minute. Though physical
fitness scores were derived, the principal purpose of the exercise was
to establish maximum steady-state heart rates and respiratory rates,
maximum skin temperature changes and blood pressure values following
fatiguing exercise. Table 3-4 and Figures 3-20, 3-21, and 3-22 show
typical plots of physiological data. The proximity in time of the 3-hour,
10-hour, and initiation of the 72-hour simulations provided assurance
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Figure 3-18. Sample Physiological Data
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Table 3-4. Step Test Calibration of P Values for
Physiological Data c
-Pc Value Subject 1 Subject 3
Heart Rate 155 190
Respiration 40 42
Rate
Time After Pulse Pulse
Exercise Sys. / Dias. Press. Sys, / Dias. Press.
Blood
Pressure
1-1-1/2 minutes
2-2- 1/2 minutes
3-3- 1/2 minutes
8- 8- I/2 minutes
9-9- 1/2 minutes
10- 10- 1/2 minutes
--m
153/82 71
_-x,.,I , ,., 6R
129/77 52
128/70 58
163/84 79
160/84 76
158/84 74
139/80 59
130/78 52
B--
Time Z_T (° C) AT (° C)
Facial
Skin
Temp
0.00
-0.25
-0.40
-0.55
-0.65
-0.70
-0.40
-0.20
-0. I0
Start _ 0 min.
1 rain.
2 min.
3 min.
4 min.
Stop _ 5 min.
6 min.
7 rain.
8 min.
0.00
-0.35
-0.50
-0.55
-0.65
-0.75
-0.60
-0.55
-0.45
12504-ITR- 1
3-48
...........
1
4
!
\
_J
> %
W
I--
>-
m W
I--
Q
O i
I
° _ °O CO
t_ r-4
\
O
_D
e-t
_uJ
..m
_mc
Q 0 0
(NIN/S.I.V381 3.1.Y'BI_V3H
I
I
I
I
t
I
I
I
I
_-I ,-
_1 o'----'_
I
I,
i
'1. II
I
I
Z_
%1
I
il--
CO _D
O
O
0
O"
0
0
0
¢N
0
¢N
oi
0
0 Z
UJ
0
0
0
U'I
I
0
/
I
I
/
0/
)
° _ °
0.) di_13 J.
NI_S NI 3ONVH:)
c_
c_
,#.,)
c_
c_
O_
m
c_
G_
Or]
h
c_
>
h
c_
c;
I
12504-ITR - i
3-49
v t i
J
S'
\
L
,,..n
I,iJ
I--
o
I
I
J
Z--,t-.--t
_. '
_,,,
1
_w
(NIIN/SHIV3_Ig) 31V_1 hUOl_lldS3_l
e..,i
I
I
I
I
I
u.I
I,-
0
I.U
I--
'"1
I--
ul
I
I
I
I
I
I
I
I
I
I
I
I
I
I m
0
0
eq
,q.
0
O_
0
u'_
0
gq I.-
e'_ u.i
I._#--
0
f_
od
0
a
Z
0 0
O_
la,I
I,,iJ
0
o
!
0
!
0
0
°_
!
°_
12504-ITR-I
3-50
W
0¢
_J
a¢
a.
180
160
140
120
IO0
8O
6O
4O
BASAL 'rEST
DATA
o
Pc'_BP'_'/ _- ""'•'"_ _ L_O
v 1
DATA
• Systolic Pressure
• Diastolic Pressure
• Pulse Pressure
.._ CRITICAL VALUES -
_ h w
Pc(DBP)
-_ - 1
JL
Pc(P-_)r -- _ _----.u_<
Pc
1
2O
0
0 1.0 2.0 3.0 4.0 5.0 6,0 7.0 8.0 9,0 10.0
TIME AFTER EXERCISE (MINUTES}
Figure 3-22. Harvard Step Test, Blood Pressure
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that the subjects' physical fitness did not vary appreciably during this
period. Single fitness tests were performed by each subject following
each of the two 72-hour simulations in order to determine the effect of
the extended runs on physical fitness.
Resting base data was recorded prior to the experiments. The subjects
were seated for 20 minutes prior to recording. When this period was
concluded, data was recorded for 15 minutes. Heart rate and respiratory
rate were randomly sampled at one-minute intervals, the average of
these sample counts providing the resting base data. The mean of all
recorded resting blood pressure readings was taken as base data. Skin
temperature was also sampled and recorded. This resting base data is
shown in Table 3-5. The resting base data for one subject is also indi-
cated in Figures 3-20 through 3-22 showing the difference between rest-
ing and maximum steady-state data. It should be noted that resting base
diastolic blood pressure differs little from the diatolic blood pressure
observed after fatiguing work.
Normalization* of Subjects Data - By establishing the Pc values for each
subject, an upper limit for each is obtained. Since for any given state of
physical fitness this limit is relatively constant, it is possible to deter-
mine what percent of this upper working limit results from any given
task, cabin volume and suit condition for each subject. By calibrating
each subject against his own physiological limits the treating physiological
values recorded during the simulations as a percentage of these limits the
following advantages are gained. First, all data (regardless of inter-
subject differences) can be plotted on the same scale with a fixed upper
limit. Secondly, data from the subjects can be averaged. (It should be
noted that the reduced physiological parameter which essentially
*The use of the word normalization in this context means that all data is reduced
to a standard in which all maximum steady-state values and equal to unity.
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Table 3-5. Resting Base Data
Subject 1 Subject 3
Heart Rate (beats/min) 65 67
Respiration rate (breaths/min) 9 14
[ Systolic/diastolic 112/75 117/79
Blood Pressure "l Pulse pressure 37 38
Skin Temperature Time T ° C T°C
Start 0 min.
2 min.
4 min.
6 min.
8 min.
i0 min.
12 min.
14 min.
15 min.
+0. 14
+0.26
+0.24
+0.20
+0.20
+0. 18
+0. 14
+0.20
+0.20
+0.03
+0.02
+0..03
+0. O1
+0.01
+0.02
normalizes data from a variety of subjects is simply the value of any
of the physiological variables -- heart rate, respiratory rate, and blood pres-
sure, defined as P values -- divided by their respective Pc value, (i. e.,
P/Pc ) •
In addition to the two advantages just stated, the use of normalized
physiological data has no inherent disadvantage over other possible
methods of providing dimensionless data, for example, percent increase
over resting data.
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A disadvantage of the present approach is that it compresses the scale
of the data. Figure 3-23 shows resting base data and maximum steady-
state data for the two subjects. Figure 3-24 presents plots of P versus
P/Pc values for both subjects w heart rates, respiratory rates, and blood
pressure measurements. Figure 3-24 provides a means for immediate
conversion from the P/Pc values to the actual P values for each subject.
Interpretation of Physiological Data - The interpretation of physiological
measurements pertaining to this study should be explained. Generally,
changes in the measured physiological parameters may have different
interpretations depending on the subject's workload, emotional state or
the complex interaction of emotional and physical workload factors.
Measures of workloads involving the activity of large muscle groups is
more dependent on the organisms capability to meet its energy demands
than on changing emotional states. Studies have shown (references 2, 3,
8 and 10) that the oxygen consumption of an individual performing activi-
ties involving large muscle groups varies linearly with physical workload
up to a point where the oxygen consumption per minute can increase
no further. This point is reached when the maximum pumping capacity
of the heart is attained. During maximal oxygen demand, heart rate and
respiratory rates may double or triple and pulse pressure may double
(references 2 and 8). Up to energy expenditures of about one-half maxi-
mal for the individual (as measured by oxygen consumption) there is a
linear relationship between the heart rate and the workload(references
2). There is also an approximately linear increase in systolic blood
pressure and respiratory rate with workload up to about one-half of the
maximum for the individual (reference 2, 3, and 5). For the simulated
tasks which involved large muscle group activities, increases in heart
rate, respiratory rate and blood pressure all provide measures of
physical workload. These work-sensitive tasks were suit donning, suit
doffing, navigation tasks, (which in our simulation involved considerable
arm and leg activity), suit and PLSS checkout (involving considerable
arm and back use) and simulated emergencies. All other tasks were
12504-ITR- 1
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performed in a seated or standing position involving moderate to slight
large-muscle activity. The physiological measurements for these non-
work sensitive tasks may reflect the subjectTs emotional state more
than the effect of physical activity and, therefore, are much less
amenable to unambiguous interpretation.
Work sensitive tasks showing P _alues less than, approaching, or
greater than Pc can be assessed immediately with respect to their
relative level of work. Tasks resulting in sustained P/Pc ratios
greater than unity can be designated as untenable for normal activity
and undesirable for emergency conditions, especially when mission-
critical tasks may be required immediately following an overly taxing
situation. Unexpected rises in P values during non-work sensitive tasks
must be interpreted with considerable caution and may be identified as
being related to emotional or physical stress only when Carefully
examined with concurrent subject task performance and emotional
expression.
Specific problems arise in the interpretation of blood pressure and skin
temperature values. Though blood pressure may theoretically provide
information on workload and emotional stress it is in practice much
more difficult to appraise. During physical activity blood pressure and
pulse pressure (the difference between systolic and diastolic pressures)
remains elevated after activity only when the activity has been consider-
able or strenuous. Following light to moderate activity systolic blood
pressure drops rapidly (reference 3)_ Since it was not possible to get
blood pressure recordings within seconds after all tasks, blood pressure
values cannot be considered equally valid for all tasks. This is especially
true for non-work sensitive tasks when rapid fluctuations in blood pressure
due to emotional factors may be missed entirely or recorded during
situations when it is impossible to interpret their meaning.
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Skin temperature changes are even more ambiguous than blood pressure
changes. In light to moderate exercise there is an increase of blood
flow to the skin to dissipate heat. This may result in a skin temperature
increase. During maximal exertion blood flows from the skin to make it
available to muscles where the need for oxygen is acute. This may
cause a drop in skin temperature. This latter fact is clearly illustrated
for both subjects during the performance of the Harvard Step Test (see
Figure 3-20). For all of the simulation tasks, however, skin tempera-
ture changes were greatly complicated by a multiplicity of factors
including the air ventilation rate within the simulator, fluctuating ambient
temperatures, and ,.,_._.A_4'_"_*'_ncr_._,_rates.of .perspiration_ for the subjects. Due
to the altering air flow rates within the suit and the fluctuating suit
temperatures interpretation of skin temperature changes recorded when
the subjects were working in the ventilated or pressurized pressure suits.
For these reasons skin temperature change will be considered in this
report only when its value is clearly interpretable. Consideration was
given to the use of infrared recording of skin temperatures using
recently developed techniques. This approach did not, however, solve
the basic problems described above. A discussion of the infrared
recording method is given in Appendix D.
A final consideration in the use of physiological measurements is the
determination of the magnitude of differences which should be considered
significant. Based on the data taken and on material in the literature,
the following assumptions concerning differences judged to be significant
were made.
Heart Rate - A difference of 10 beats/min or greater for any one subject
was judged significant. In terms of the normalized P/Pc values this was
a minimum rate difference of 0.06 for subject 1 (10/155) and a difference
of 0.05 for subject 3 (10/190). Reduced data averaged over the subjects
for a given heart rate ranged from ±0. 10 at heart rates of 70 to ±0.20
at heart rates of 155 (see Figure 3-24a). Standard deviations of each
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subject's heart rate taken during sleep, driving tasks and monitoring
tasks indicated a maximum standard deviation of ±8 beats/rain for
subject 3 and ±5 beats/rain for subject i. The choice of ±10 beats
per minute as a criterion was made in order to maximize the differ-
ence and to account for other task variations. In most instances non-
statistical judgments had to be made to evaluate differences as being
appreciable or related to cabin volume effects on simulation tasks.
Respiration Rate - A true difference of 5 breaths/rain or greater was
judged significant. This is a normalized value difference of 0. 13 or
greater. This judgment is based on respiration rate data presented in
the Biological Data Book (reference 4) which indicates a respiratory
rate of about 4 breaths/rain separates light work from heavy work (i. e.,
17 breaths/min - light work, 21 breaths/rain - heavy work). Blood
pressure and skin temperature changes were evaluated in connection
with the other physiological and performance values.
It should be obvious that, although a difference in P or P/Pc values
may be judged significant, the meaning of the difference may be unknown
depending on the type of task and the magnitude of the P value for the
subject. Thus, discrete heart rates on the order of i00 beats/rain or
less and respiratory rates of 17 breaths/rain or less occurring during
non-work sensitive tasks may reflect no more than normal fluctuations
due to coughing, laughter, or change of position. However, ' differences
which consistently occur in the same direction in several P values may
be indicative of long-term trends related to time spent in the simulator.
Likewise, concommitant changes in P values during work sensitive tasks
may reflect definite changes in work load due to variations in tasks, duty
station volumes or extended simulation time.
The physiological data presented in this report represents maximum
values for each task (with the exception of eating, resting between tasks
and sleeping data where maximum and minimum values were recorded).
12504-ITR- 1
3-59
For example, the respiratory and heart rate per task was scanned for
those segments giving the highest values, these high value segments were
then sampled over ten-second intervals, the averages of these samples
being the value recorded for each task for that subject. Average P/Pc
values for tasks which were performed several times during a given
study represent the average of the normalized sample averages for that
task and subject.
By sampling for maximum data values, physiological stress factors
valuable in detection of: (a) adverse subject response to simulator condi-
tions, (b) short te__-m_effects due to cabin volume reduction, (c) peak
workloads for certain tasks, and (d) untenable short duration exertion
during emergency tasks can be detected, uncomplicated by non-critical
low- value fluctuation s.
Subjective Volume Data
In addition to the performance and physiological measures that were taken
during each simulation study the subjects were required to evaluate the volume
provided for each task on a volume rating scale. This scale was modeled
after the Cooper Rating Scale used for expert-pilot evaluation of aircraft
control systems. The subjects were specifically instructed to evaluate the
volume that was provided and not to reflect their opinions of the task or the
simulator. The scale provided nine ratings ranging from 8, "Excellent,
Includes Optimum, " to 0, "Unacceptable - Dangerous. " The subjects filled
out one of these forms, see Figure 3-25, after the completion of each task.
The data were evaluated in terms of the average rating assigned to each
specific task performed under each volume condition.
12504-ITR- 1
3-60
Length of Run: 3 hour
i0 hour
3 day
Subject
Time
Date
Duty Station: I, II, III, IV, V
Suit Condition: Shirt- sleeve
Ventilated suit
Pressurized suit
Task Tested:
Normal
Ope ration
Emergency
Operation
No
Ope ration
Adjective
Rating
Satisfac tory
Unsatisfactory
Numeric a 1
Rating
8
7
6
4
3
Unacceptable 2
Excellent, includes optimum
Good, pleasant to operate
Satisfactory, but with some
mildly unpleasant character-
i stic s
Acceptable, but with unpleasan
c ha ract eristic s.
Unacceptable for normal
operation
Acceptable for emergency
c onditi on only
Unacceptable even for
emergency condition
Unacceptable - intolerable
Unacceptable- dangerous
Comments, if any:
Figure 3r25. Volume Opinion Scale
(Modified Cooper Scale)
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PRELIMINARY SIZING TESTS
An initial series of tests was performed to establish the nominal volumes for
each duty station in the simulator. The nominal duty station volumes were the
largest volumes determined in the study. To establish these nominal volumes_
the subjects performed their simulated tasks in open, completely unrestricting,
workspaces. The experimenters measured the height, width, and depth of the
work spaces that were actually used by the subjects. These measurements
were obtained by photographing the subjects against a grid background, and by
observing the subjects and noting the maximum volumes used. All later vol-
ume reductions to determine the optimum and minimum dimensions were
made using the nominal volumes as a base.
The duty station schematics presented in Figures 3-28 through 3-32 show the
nominal duty station sizes determined during these tests. The tasks that were
performed at each duty station are also noted on the figures.
The preliminary sizing tests served as training sessions for the subjects.
Each subject repeatedly performed the task until he had mastered the tech-
nique and his performance was judged to be proficient by the experimenters.
The data obtained in these tests became the basis for evaluating the effects
of the volumetric changes made during later phases of the program.
The following graphs and table summarize the performance data obtained
during these tests. Figure 3-26 presents the driving performance data for
each subject. The data points on these curves represent the average time,
in seconds, required by the subjects to make the command heading changes
during each two-minute intervale of the driving periods. The data have been
averaged across the three different delay settings and training sessions. The
average of these two curves was used as the basis for evaluating driving per-
formance during later phases of the study.
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Figure 3-27 presents the average of the subjects' performance on the monitor-
ing task. These data have also been collapsed with respect to delay setting
and training session. Again, the average of these two curves was used as the
basis for evaluating performance during the later studies.
The data in Table 3-6 represents the average times required and (in the case
of the navigation task) the accuracy scores of the subjects when performing
the remaining tasks on which baseline data were obtained during the prelimin-
ary sizing tests.
A preliminary sizing test of the airlock was performed to obtain baseline
dimensional data for the suit donning and doffing tests. During these tests
the pressure-suited subject entered the airlock, initiated the pump-down pro-
cedure, waited five minutes for the lock cycle. He then opened the hatch and
exited. The width, depth, and height of the airlock was varied after each
exit. The measures taken during this test were heart rate, respiration rate
and blood pressure. Based on the results of these tests, it was concluded that
the airlock with a depth of approximately 66 cm (26 inches) and a width of 73
cm (28 inches) would provide adequate volume for the one-man operation of
the simulated airlock cycling task. The height of the airlock was determined
during the initial pressure-suit donning and doffing studies. At the conclusion
of the one-man don-doff tests the height and width dimensions were increased
to accommodate range of movements required for the suit donning and doffing
task.
For the later experiments, the two subjects were required to perform tasks
in the airlock at the same time. It was necessary to increase the depth and
width dimensions to provide adequate space for the second operation. Based
on anthropometric data, the dimensions were increased taking into account
the additional bulk of the second ope rator's pressure suit. The nominal depth
and width dimensions for the two-man airlock were determined to be 107 cm
(42 inches) and 96. 5 cm (38 inches).
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Table 3-6. Nominal Task Data
Suit Checkout Time
26 min. 30 sec.
Suit Don Time
From V. S. -'_
5 min. 38 sec.
From shirtsleeves
14 min. 02 sec.
Navigation Time
5 min. 16 sec.
PLSS Checkout Time
3 rain. 26 sec.
Suit Doff Time
To V.S.
2 min. 25 sec.
To shirtsleeves
5 min. 10 sec.
Navigation Accuracy
Pt. score
5.4
E
*V. S. - Vented Suit Condition
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THREE-HOUR SIMULATION STUDIES
Introduction and Purpose
The purpose of the three-hour simulation experiments was to make an initial
determination of the effect that variations in duty station free-volume would
have on operator performance. During these studies, the free-volume at
each duty station was systematically varied according to the schedule pre-
sented in Table 3-7. The values of -i0 percent and -25 percent represent
the approximate percentage decrease from the dimensions established as
"nominal" during the preliminary sizing tests. Schematics showing the
actual dimensions of each duty station are presented in Figures 3-28 through
3-32.
P r oc edur e
During this phase of testing, the subjects were required to perform a sequence
of tasks that were arranged to simulate a three-hour segment of human ex-
ploration mission to a predetermined site for the purpose of collecting samples
and taking data. The subjects performed all specified tasks, except meal
preparation and eating, sleeping, exercise and personal hygiene, according
to the task schedule presented in Figure 3-33. The amount of work space
provided for each task was varied between the largest or nominal value (the
amount of space established during the sizing tests) and the minimum value.
The size of the vehicle aisle, Duty Station V, was held at the nominal value
throughout this phase.
The first day was considered a practice run in which the subjects learned the
operating procedures for each subtask under both normal and, where appro-
priate, emergency conditions.
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Table 3-7. Free-Volume and Suit-Condition
Variations for Three-Hour Tests
Volume (Percent
Deviation from Nominal)Day C ondition
1 Nominal at all duty Shirtsleeves
Stations
Schedule and simulator layout revised as required
2 Duty Station
Duty Station
I
II
III
- 10%
- 25%
- io% Shirtsleeves
IV - 25%
v- 0%
I - 25%
II - 10%
III - 25%
IV - i0%
V- 0%
Vented Suit
Schedule and simulator layout revised as required
Duty Station
Duty Station
I - i0%
II - 25%
m - i0%
iv - 25%
v- o%
I - 25%
II - 10%
III- 25%
ZV - i0%
V- 0%
Vented Suit
Shirtsleeves
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The independent variables were:
1. Size of work area at each station
2. Shirtsleeves versus vented pressure suit
The dependent variables that were measured and recorded each day were:
I. Task completion times
2. Accuracy of subject performance on the tasks
3. Work envelopes utilized and subject-facility interferences
4. Physiological parameters
5. Subjective volume data
Results
The following data show the effects of reductions in cabin volume for the
various tasks. Each type of data, i. e., performance, physiological and
attitude is presented separately.
Performance Data
Figures 3-34 through 3-39 illustrate the observed performance decrements
under the two volume conditions. All data have been plotted to show percent
increase or decrease in subject efficiency over nominal volume conditions.
Since the data have been normalized, the zero point on the ordinate repre-
sents the subjects w nominal performance. The data plotted for the two volume
conditions represents decreases or increases in performance with respect to
this "nominal" or baseline performance.
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Driving Performance - Figure 3-34 shows the effect of volume reduction on
the subjects' driving performance. Driving performance was scored in terms
of the average time required by the subject to acquire the various command
headings. The data in this figure is that of both subjects combined for all
driving speeds. The effect shown in this curve is typical of the raw data for
both subjects, i.e., both performed less well and had larger increases in
response time under the -25 percent volume condition for any given speed than
they did under the -10 percent condition. Over-all, based on algebraic sums of
the scores under each condition, the -25 percent volume condition showed an
increase of approximately 18 percent in drivers' reaction times while the -10
percent condition showed no change, i.e., the reaction time decreases and
increases were about equal. Due to the restrained confines o£ Duty Station I,
it is possible that viewing parallax contributed to the larger errors under the
-25 percent volume condition. The extent of this parallax error cannot be
isolated.
Monitoring Performance - Figure 3-35 presents monitoring performance for
both volume conditions. All monitoring data have been normalized to perform-
ance under nominal volume conditions. For this data, a shift of behavior in
the plus direction indicates an improvement in performance, that is, the moni-
tor signaled the occurrence of a larger percentage of the actual "off-course"
time. The data suggests that average performance was better under the -25
percent conditions than under the -10 percent conditions. However, the differ-
ence is too slight, averaging approximately six percent, to be interpreted
as having practical significance. Inspection of the data curves for individual
subjects indicates that both subjects performed about equally well on the task
but both were more erratic on this task than they were on the driving task.
Pressure Suit and PLSS Checkout Performance - Figure 3-36 presents the
data obtained on the pressure suit and portable life support system (backpack)
checkout tasks. As in the case of driving and monitoring these data show the
percent changes in the times required by the subjects to perform the tasks
under different volume conditions. The data indicate that the backpack checkout
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task is considerably more sensitive to volume variation than is the pressure
suit checkout task. Task accuracy data were also recorded for these two
tasks. The subjects performed the task with complete accuracy under both
conditions.
Pressure Suit Donning and Doffing Performance - The effect of airlock volume
variation on the times required by the subjects to don and doff the pressure
suits is presented in Figures 3-37 and 3-38. Both initial conditions -- vented
suits and shirtsleeves -- are plotted. In the vented suit condition, shown by
the pair of bars on the right hand side of each figure, the subjects were already
wearing their pressure suits in a vented configuration, i. e., the suits were on
but the subjects were not wearing helmets, gloves, or backpacks. Consequent!y_
the suit donning task required the subjects to put on only these last items and to
undergo pressurization. The procedure was reversed for suit doffing. The
time required for these tasks was quite small - approximately three minutes
to don and two and one-half minutes to doff the equipment. Therefore, small
changes in the absolute time would be reflected as large percentage changes.
In the shirtsleeve condition, the over-all time was considerably larger. Con-
sequently, a time change of the same absolute amount resulted in a smaller
percentage change. This accounts for the larger percentage changes under
the two pressure suit conditions.
When the subjects were in the shirtsleeve condition, the suit doff times were
influenced by volume considerably more than the don times. Under the -10
percent condition the subjects donned their suits in essentially the same time
that was required under nominal conditions. The doffing tasks, however,
required 47 percent more time. Under the -25 percent conditions the corres-
ponding increases in time were 31 and 70 percent respectively. Consequently,
it appears that airlock volume has a pronounced influence on the time required
to go from a shirtsleeves to a pressurized suit condition and back again. This
effect is not clear in the vented-suit initial condition where the percentage
increase for suit doffing was greater under the -10 percent conditions than it
was under the -25 percent conditions.
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Navigation Performance - Figure 3-39 presents the time and accuracy data for
the navigation task. The sighting portion of the task took place in the center
aisle of the vehicle (Duty Station V) and the calculations were made in the cock-
pit area (Duty Station I). The vehicle center aisle was maintained at its
nominal dimensions during these three-hour simulations; therefore, the volume
reductions that are referenced in the charts pertain only to Duty Station I.
The total time required to perform this task was less than that required
during the original sizing tests but accuracy was also reduced. Apparently
the subjects hurried their performance on this task and decreased accuracy
in the process. There is no reason to believe that this effect resulted from
volume restrictions.
Communication Performance- The final task that was evaluated was a communi-
cation task. Performance waS scored in terms of the amount of information
that was passed between the two subjects and the number of errors made in the
transmission. Inspection of the data indicated that subject performance was
not related to volume conditions. Therefore, no data is presented.
Physiological Data
Non-Work Sensitive Tasks - Driving and Monitoring - Physiological data did
not differ significantly between -10 percent and -25 percent volume for all
duty stations, tasks and subjects during tasks which are not "work-sensitive"
(see Table 3-8).
Subject 1 performed driving and monitoring tasks in the shirtsleeve condition
for three different volumes, nominal, -10 and -25 percent. This subject
showed no clear physiological trends due to changes in driving task volume
but did show increased respiratory rates and pulse pressure at lowered volumes
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Table 3-8. Non-Work Sensitive Tasks
P/Pc
(Driving and Monitoring - Duty Station I Only)
Values Averaged Over Subjects and Suit Conditions
Volume
Condition HR RR SBP PP ST
-10%
-25%
0.48
O. 47
0.51
0.51
0.78
0.76
0.58
0.64
+0.76
+0.34
P/Pc
HR
RR
SBP
PP
ST
= measured physiological value
maximum steady-state value
--- heart rate
= respiratory rate
= systolic blood pressure
= pulse pressure
= skin temperature
for monitoring tasks (see Figure 3-40). However, since the heart rate was
unchanged and was consistently low over all volumes during monitoring, it is
doubtful that any general physiological effort sensitive to differences in volume
is evidenced, particularly since no significant change occurred in systolic
blood pressure.
Work Sensitive Tasks - Navigation, Suit Donning and Suit Doffing - No physio-
logical differences judged significant resulted from different volumes during
navigation tasks. (See Table 3-9) Differences were noted, however, between
the -10 and -20 percent volumes for suit donning (see Table 3-10). These
differences for heart rate and respiratory rate were such that the rates increased
with decreasing volumes. For suit doffing (see Table 3-11) physiological differences
averaged over subjects between the -10 percent volume and the -25 percent were not
judged significant. The higher respiratory rate at the -10 percent volume is
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Table 3-9. Navigation Tasks
P/Pc Values Averaged Over Subjects and Suit Conditions
Volume
-10%
-25%
HR
0.56
0.60
RR
0.61
0.65
SBP
0.82
0.76
PP
0.68
0.50
ST
+0.22
+0. 14
Table 3-10. Suit Donning Task
Values Averaged over Subjects (Shirtsleeves
to Suited Conditions)
Volume
-10%
-25%
HR RR
0.75
0.98
SBP
_Em
e
PP ST
+0. 13
+0.85
P/Pc
Table 3- 11. Suit Doffing Task
Values Averaged over Subjects (suited to
Shirtsleeves Condition)
Volume
-10%
-25%
HR
0.70
0.74
RR
0.90
0.78
SBP PP ST
+0. 15
+1.45
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more likely related to variation in subject effort than to volume difference.
Considerably less time (23 percent less time) was taken at -10 percent
volumes than at -25 percent, indicating that in the less confining space the
subjects worked faster resulting in higher physiological rates.
Subject 1 performed all tasks in the shirtsleeve condition for three different
volumes, nominal, -10 percent and -25 percent. This subject showed a con-
sistent elevation of respiratory rate for work sensitive tasks when working
at the -25 percent volume. During navigation and suit donning tasks, the
respiratory rate was notably elevated only at the -25 percent volume, the
rate at nominal and -10 percent volumes being essentially unchanged (see
Figure 3-40). The very high respiratory rate (95 percent of maximum) at the
-25 percent volume for suit donning tasks together with the fact that Subject 3
showed very high heart rates (92 percent of maximum) and respiration rates
(100 percent of maximum) for these volumes and tasks suggests that the -25
percent volume is considerably more taxing than the nominal or -10 percent
volumes for suit donning tasks.
Subject 1 showed a definite increase in physiological workload for suit doffing
at both the -10 and -25 percent volumes. The increased effort at the -25 per-
cent volume was indicated clearly by the increased pulse pressure, heart rate
and respiratory rates (see Figure 3-40).
Averaged over all work sensitive tasks, physiological variables show small
differences between -10 and -25 percent volumes (see Table 3-12). Although
the average over-all difference between volumes were not judged significant
it should be pointed out that an increase in skin temperature occurs at -25
percent volumes as compared to -10 percent volumes. This may be inter-
preted as resulting from an increased blood flow to the skin to dissipate body
heat caused by a higher workload at the -25 percent volume.
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Table 3- 12.
(Navigation,
Volume HR
-10%
-25%
0.64
0.71
Work Sensitive Tasks
P/Pc Values
Suit Donning, Suit Doffing)
RR BP PP ST
0.75
0.80
0.82
0.82
0.68
0.63
+0. 17
+0.81
A comparison of Table 3-12 with Table 3-8 indicates that work sensitive tasks
do in fact require more physiological effort than do non-work sensitive tasks.
Comparison of Suit Conditions - A comparison of suit conditions for Subject 3
at -10 percent showed that the average heart rate and respiratory rates did not
differ appreciably between shirtsleeve and ventilated suit conditions for the
driving and monitoring tasks. In navigation tasks heart rate averages were
not significantly different. Respiratory rates, however, were elevated in
the vented suit condition as compared to the shirtsleeve condition (see
Table 3- 13).
Subject 3 at
- 10% volume
Table 3- 13.
HR
RR
BP
PP
FT
P/Pc Values Comparison of Suit Conditions
NAV
SS V
0.53
0.48
0.0
0.57
0.69
_mm
Driving
SS V
0.43 0.43
0.44 0.53
0.82 0.68
0.61 0.45
+0. 14 ....
Monitoring
SS V
0.51 0.49
0.45 0.50
0.81 ....
0.61 ....
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Comparison of Subjects - No appreciable difference existed between subject's
P/Pc values for navigation and monitoring tasks under the shirtsleeve, -10
percent volume condition. Appreciable differences did exist between subjects
for driving, suit donning and suit doffing tasks. Subject 3's heart rate and
respiratory rate were a lower percentage of maximum during driving tasks than
were subject lWs. During suit donning and suit doffing, subject 3's normalized
heart rate was considerably increased over that of subject l's, although both
subjects showing nearly maximum respiratory rates. Blood pressure differ-
ences were not apparent in the two tasks on which the subjects were compared
(see Table 3-14). Note that subject i showed a consistent increase in skin
temperature per task as compared to subject 3. Considering the equations for
skin temperature, this difference may be in part due to differences in the
2
surface area of the two subjects. Subject 3 had a surface area of 2.04 m
whereas subject 1 had a surface area of 1.82 m 2 (as estimated by the nomo-
gram in the Bioastronautics Data Book, NASA, 1964, p. 257). A difference
in skin temperature that may be attributed to surface area differences is
evidenced in the subject's resting data in Table 3-5 also.
Table 3-14. P/Pc Values Comparison of Subjects
- 10%
S hirtsleeves
HR
RR
BP
PP
FT
Nav.
1 3
0.56 0.53
0.58 0.48
0.82 ....
0.68 ....
÷0.67 0.0
Driving
1 3
0.52 0.43
0.65 0.44
0.80 0.82
0.52 0.61
+0.77+0. 14
Monitoring Suit Don
1
0.66
0.95
3
0.92
1.00
+0.05
Suit Doff
1
0.70
0.90
1 3
0.49 0.51
O. 55 O. 45
0.81 0.81
0.66 0.61
+I. 05 .... +1.65 -0. 15
3
0.87
0.88
0.84
0.71
0.25
*-25% condition
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Volume- Opinion Data
Table 3-15 presents the results of the subjective volume survey conducted
during the tests. The data in this table are averages of both subjects t ratings
of the different tasks within the duty stations under each of the two volume
conditions. As shown in the table, the accellability of a given volume for a
duty station is a function of the task that was performed. The tasks performed
in Duty Station I when the volume was set at its -25 percent dimensions were
rated from 3, "Acceptable for Emergency Condition Only" to "Good, Pleasant
to operate". These two ratings were the two most extreme ratings that were
assigned under any of the conditions tested. It should be pointed out, however,
that the communication task that was rated at the highest level was a very
short duration task, lasting less than five minutes. Possibly the restricted
volume was not a significant factor during such a short time period. Duty
Stations I and II show marked and consistent opinion shifts across the two
conditions. Duty Station IV, on the other hand, shows no change in ratings
between the -10and-25 percent conditions.
Summary and Discussion
The purpose of the three-hour simulation studies was to determine what effects,
if any, reductions in workspace free-volume would have on crew performance
or their physiological state. To make this determination, two volume condi-
tions were selected for testing. One of the selected volumes was approximately
ten percent smaller along all dimensions than the nominal volumes and the
other was approximately twenty-five percent smaller.
In general, under the -25 percent volume condition the subjects performed their
tasks with considerably less accuracy and required more time than they did under
the -i0 percent conditions. For most of the tasks, performance under the -i0
percent condition was highly similar to what it was under nominal volume condi-
tions. The one major exception to this generalization was the navigatiQr_ task
which was performed in less time under both experimental conditions.
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Table 3-15. Summary of Subjective Volume Data
Three- Hour Simulations
I. Driving
Monitoring
Navigati on
Communication
II. Egress/Ingress
Don/Doff
III. No tasks performed
"IV. Suit Checkout
PLSS Checkout
V. Navigation
-25%
3
4
5
7
3
3
6
6
Numerical Rating* of Volumes
- 10%
6
6.2
6.2
7
4.8
4.8
Nominal
----m
--mm
-m--
6.1
*Descriptions of the numerical ratings are given in Figure 3-25.
A second generalization is that performance on those tasks that require the use
of major muscle groups, e. g., suit donning and doffing, or tasks requiring
precise coordination, e.g., driving, are more adversely effected by volume
restrictions than are other tasks.
Based on the data obtained during these three-hour simulations, it is possible
to draw certain general conclusions concerning the volumes tested. First,
the -25 percent volume condition is judged to be too confining for the tasks
tested. The indices of performance that were taken during these runs show
that, for the majority of tasks, the -25 percent volume condition led to
increases in task completion times that would probably be unacceptable in an
operationa 1 setting.
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The physiological data indicate that physiological parameters are not noticeably
affected by changes in volume during driving tasks. Monitoring and navigation
tasks may be affected since one subject showed consistent increases in respira-
tory rates for these tasks at the -25 percent volumes. Suit donning and doffing
tasks in general show increased heart rates, respiratory rates and skin temp-
erature; at -25 percent volumes as compared to -I0 percent or to nominal
volumes. Physiological recordings made at various volumes support the con-
clusion that the -25 percent volume condition is too confining for the tasks
simulated, especially for the suit donning and doffing tasks. The physiological
data generally supplements the performance and subjective rating data.
There is evidence that tasks requiring the use of major muscle groups are
affected more by volume changes than are tasks requiring limited physical
activity. Work-sensitive tasks in general appear to result in considerably
elevated P/Pc values as compared to the non-work sensitive tasks. The
ventilated suit condition did not produce a noticeable effect on physiological
measurements during the driving and monitoring tasks. Respiratory rates during
navitation tasks were generally elevated for subjects wearing the vented suit as
compared to the shirtsleeve condition.
In the subjective volume survey data, the -25 percent condition was judged
generally to be "Unacceptable for Normal Operation" while the -i0 percent
condition was judged "Satisfactory, But With Some Mildly Unpleasant Charac-
teristics".
Based on these data, it would appear that the minimum volume condition should
fall somewhere between the dimensions used in the -I0 and -25 percent condi-
tions and that the optimum conditions would, depending on the particular task,
probably closely approximate the nominal values. These values were used as
the basis for establishing the minimum and optimum volume conditions that
were used in the subsequent ten-hour simulations.
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TEN- HOUR SIMULATION ST UDIES
Introduction and Purpose
Following the three-hour simulation studies, a series of ten-hour simulations
were performed. The purposes of these studies were:
To integrate the crew task workspace envelopes established for
Duty Stations I, II, _nd IV in the three-hour runs into cabin free
volume requirements for both minimum and optimum conditions.
To determine minimum and optimum volumes for Duty Station III,
the area used for eating and the Inside Scientific Tasks.
To validate the task schedule and to integrate the food preparation
task.
o To determine the minimum and optimum volume requirements for
the center aisle of the vehicle (excluding the provisions for sleep-
ing).
Proc e dure
Tentative dimensions for the minimum and optimum conditions for Duty Stations
I, II, and IV were analytically determined from the three-hour simulation data.
Schematics showing the dimensions of the duty stations under minimum and
optimum conditions are presented in Figures 3-41 through 3-45.
The height, width, and depth dimensions of the free-volume at Duty Stations III
and V were varied in accordance with the Schedule in Table 3-16. As the sub-
jects performed their prescribed tasks, measurements were made of the time
required to accomplish the various tasks, the proficiency with which the task
was accomplished, the subjects _ evaluation of the volume and physiological
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Table 3-16. Testing Schedule
Day
1
2
3
4
5
Duty Stations III & V
Volume
(percent of nominal)
-25%
- 10%
- 10%
-25%
Optimum
Duty Stations
I, II and IV
Optimum
Minimum
Optimum
Minimum
Optimum
Condition
Suit-vented
Shirtsleeves
Suit- ve nte d
Shirtsleeves
Suit- pressurized
parameters. The subjects entered the simulator at the start of the workday and
remained there throughout the entire day (except for personal hygiene require-
ments). Figure 3-46 presents a flow diagram of the subjects I activities for the
ten-hour simulation period.
A food preparation and eating task was included in the subjects schedule during
these runs. The subjects prepared and ate two meals in the simulator during
each run. Meals were prepared according to the multi-meal schedule, i. e.,
two meals every eight hours. A typical schedule of meals listing the weight,
water required for rehydration, calories, fat and protein content of each indi-
vidual packet is shown in Table 3-17. These meals were prepared and packaged
by the Pillsbury Company, a consultant on this program to Honeywell. The
total daily intake per subject was maintained at 2800 calories. All foods were
freeze-dried and vacuum packed in individual packets. For each meal it was
necessary for the subjects to open and rehydrate the specified packets of food.
The food was eaten directly from the packets.
On the fifth day of testing, an emergency situation was simulated which
required the subjects to perform all tasks while wearing pressurized suits.
The task schedule was modified to include only those functions considered
necessary under emergency conditions. The purpose was to verify that the
volumes established during previous test phases were adequate for pressure-
suited operations. The results of these emergency tests are presented in the
Emergency Simulations Section of this report.
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Figure 3-46. Subject-Task Flow Diagram, 10-Hour Simulations
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Table 3-17. Four-Day, 16- Mea l Cyc le
(Approximately 2800 Calories Per Day)
Meal Content
Ist Meal
Corn Flakes, Cream and Sugar
C offee
Bacon and Eggs
Tomato Juice Cocktail
Total
2nd Meal
Chicken aqa King
Cream of Mushroom Soup
Orange Juice
Coffee
1 Fruit Bar
Total
3rd Meal
Hash
C offe e
Cream of Tomato Soup
5 Graham Cracker and Cream Bars
Total
Total
4th Meal
Fruit Punch
Beef Stew
5th Meal
Wheat Flakes, Cream and Sugar
Coffee
Scrambled Eggs
Orange Juice
7 pieces Zwieback Cinnamon Toast
Total
Dry Wt
(gin)
50
2
50
23
50
50
50
2
42.6
50
2
50
50
4O
100
50
2
50
50
20
Proximate Analysis
Water
Needed
(ml)
175
22O
75
204
150
200
177
22O
220
220
284
240
300
175
220
100
177
Calories
220
5
310
70
605
233
216
187
5
180
821
225
5
184
220
634
154
483
637
220
5
297
187
85
794
Protein
(gm)
4.55
17.6
2.40
24.55
22.72
12. 15
1.22
3. 10
39. 19
8.90
9.62
4.55
23.07
27.76
27.76
5.25
19.90
1.22
2. 14
28. 51
Fat
(gm)
7.0
23. 85
O. 46
31.31
11.82
12.08
0.30
12.40
36.60
8.40
5.66
9.4O
23.46
27. 18
27. 18
7.25
21.33
1.76
1.76
3O. 64
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The independent variables for the ten-hour simulations were:
o Size of Duty Stations
o Shirtsleeves versus vented-suit versus pressurized suit
The dependent variables are:
l.
2.
3.
4.
Work envelopes used on each task at Stations III and IV
Task completion times
Proficiency of subjects' performance
Subjective volume data
5. Physiological parameters
Results
Driving performance under the two different volume conditions is plotted in
Figure 3-47. All data was normalized to the performance baseline that was
established under nominal volume conditions. As in the case of the three-
hour simulation studies there was a clear difference between the two volume
conditions. The increased difference between the optimum and minimum condi-
tions appears to have resulted primarily because of the improvement in per-
formance under the optimum volume conditions rather than because of a deter-
ioration of performance under minimum conditions. The performance increase_
averaged across time intervals in driving response time under minimum condi-
tions, is fifteen percent. Under optimum conditions drivers' response time
decreased seven and one-half percent.
Monitoring performance is presented in Figure 3-48. The results here indicate
that there was no consistent relationship between performance on this task and
volume. This is generally the same result observed during the three-hour simu-
lations.
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Figures 3-49 and 3-50 present the navigation task time and accuracy data.
Figure 3-49 indicates that under all experimental conditions the subjects per-
formed the task in less time than they did under the nominal conditions.
Figure 3-50 illustrates the relationship between volume and accuracy. These
data indicate that, with the exception of the third condition, the subjects per-
formed the task with larger errors during these runs than they did under
nominal volume conditions. In the third condition, which provided the largest
volumes at both Duty Stations i and V, time and accuracy were better than
nominai conditions.
Pressure suit donning and doffing time data are presented in Figure 3-51. The
optimum airlock configuration yielded task times within eight percent of the
nominal values whereas the minimum conditions resulted in an increase of 90
percent in the doff times and an increase of 40 percent in the don times. The
tasks associated with suit doffing were normally performed in relatively short
time periods, i. e., four to five minutes. Therefore, the larger percentage
increase in these times results from the fact that small increases in the
absolute times are weighted disproportionately in the calculation of percent
changes in time.
The summary performance data for the pressure suit and backpack checkout
tasks are presented in Figure 3--52. Two general observations can be drawn
from this data that were also apparent in the three-hour simulation data.
First, the suit checkout task appears to be less sensitive to volume restric-
tions than is the backpack checkout task. This is probably because the suit is
a relatively soft and pliable object that can be folded or otherwise adjusted to
accommodate the smaller volumes. The backpack, being a rigid object, could
not be adjusted to the minimum volumes. A second observation is that the
subjects w proficiency on both of these tasks were consistently influenced by
the volume provided. Both tasks showed the expected increases in perform-
ance time as workspace volume was reduced.
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Performance on the communications task was analyzed to determine if the
internal volume configuration was a factor in the subjects' ability to receive
and transmit information. The results of this analysis indicate that the sub-
jects performed this task equally well under both volume conditions.
Physiologica 1 Pa rame te rs
Tables 3-18 and 3-19 present normalized physiological parameters and skin
temperature changes for both subjects, all tasks, suit and volume conditions
under the ten-hour simulations.
Non- Work Sensitive Tasks
An examination of non-work sensitive tasks presented in Table 3-18 indicates
the following:
Comparisons Between Volumes - No differences in physiological parameters
can be attributed to the volume changes for the tasks compared. Heart rate
and respiratory rates are generally less than 60 percent of the maximum
workload value regardless of the duty station volume as illustrated for sub-
ject 3 in Figures 3-52a and 3-52b. (It should be noted that a comparison of
shirtsleeve versus vented-suit condition at a single volume during the three-
hour and seventy-two hour simulations showed no appreciable change for non-
work sensitive tasks in heart rate, respiratory rate and blood pressure values
between the two suit conditions with the exception of the monitoring task.
There is a tendency for respiratory rates to be elevated in the vented-suit
condition (about five breaths/rain higher) for monitoring. )
Comparison Between Tasks - No noteworthy differences in physiological param-
eters exist between driving, food preparation, monitoring, scientific and resting
tasks. Figures 3-52a and 3-52b illustrate for a single subject the variation of
heart and respiratory rates with tasks during a ten-hour simulation.
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Table 3-18. Non-Work Sensitive Tasks
(Ten Hour Simulations)
P/Pc Values Average Over Both Subjects
Ta sk
Drive
Monitor
Scientific
Task
Food
Preparation
Re st
Vol.
Min
Opt
Opt
Min
Opt
Min
Min
Opt
Min
Opt
Opt
Suit*
Condition
Shirtsleeve
Ve ntilated
Pressurized
Shirts leeve
Ventilated
Shirtsleeve
Shirtsleeve
Ventilated
Shirtsleeve
Ventilate d
Pressurized
HR
0.48
0.42
0.44
0.49
0.48
0.48
0.54
0.46-0.59
0.55
0.38-0.73
RR SBP
0.51 0.85
0.48 0.75
0.47 ....
0.52 0.72
0.56 0.76
0.59 0.77
0.52 0.80
0.30-0.75
0.45 0.79
0.21-0.60
0.48 0.76
0.21-0.68
0.49 0.78
0. 18-0.60
0.54 ....
0.29-0.71
ST* *
PP ° C
O. 66 +0.29
O. 59 +0.20
.... +0.34
0.50 +0.5C
0.66 +O. 34
0.60 +0.7[
0.73 +0.45
0.69 +0.3_
0.79 +0.7(
0.72 +0.2
..... 0. I:
,:'Note: Due to time and physiological recording limitations, physiological data
for all tasks and volumes could not be obtained under the same suit
condition.
**Change in skin temperature from resting baseline temperature measured at the
beginning of each ten-hour simulation.
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Table 3-19. Work Sensitive Tasks
P/Pc Values Averaged Over Both Subjects
(Ten- Hour Simulations)
Suit*
Task Vol. Condition HR RR SBP PP ST**
ShirtsleeveNavigation
Suit Doff
Suit Don
Suit and
PLSS
Checkout
PLSS
Checkout
!Subject 3
I - Min
v - 25%
I - Min
V- 10%
I - Opt
V - 25%
I - Opt
V- Opt
Min
Min
Min
Opt
Shirtsleeve
Ventilated
0.59
0.59
0.63
Pressurized 0.88
Shirtsleeve
Shirtsleeve
Shirtsleeve
0.82
0.79
0.66
0.73
0.68
0.62
0.71
0.98
0.89
1.00
0.71
0.75
0.78
w
m_m
0.78
0.81
0.62
O. 70
0.86
0.62
0.62
Pressurized 0.67
0.76
+0.28
+0.02
+0.22
-0.60
+0. 76
+0. 12
+0.29
+0.58
* Note : Due to time and physiological recording limitations, physiological data
for all tasks and volumes could not be obtained under the same suit
condition.
"_*Change in skin temperature from resting baseline temperature measured at
the beginning of each ten-hour simulation.
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Comparison Between Vented and Pressurized Suit Condition - The pressurize
suit does not affect the measured physiological values during driving tasks or
resting between tasks.
Work Sensitive Tasks
Examination of work sensitive tasks presented in Table 3-19 indicates the
following:
Comparison Between Volumes - Physiological values recorded during naviga-
tion tasks are not on the average sensitive to the volume changes. Elevated
heart rate and respiratory rates at the Duty Stations I-Opt, V-25 percent
volume may be attributed to the vented suit condition. Noticeable heart and
respiratory rate differences between optimal and minimal airlock (Duty
Station II) volumes occurred for subject 3 during the ten-hour simulation as a
comparison of Figure 3-52a with Figure 3-52b indicates.
Comparison Between Tasks ' Suit donning and doffing tasks under the minimum
volume condition requires a considerably higher physical work load than do the
other shirtsleeve and vented-suit tasks. These tasks are also more strenuous
than pressurized suit PLSS checkout under the minimum volume. The suit and
PLSS checkout in the shirtsleeved condition is comparable in effort to the venti-
lated suit navigation task with Duty Station I at optimum and Duty Station V at
-25 percent volumes (see Table 3-18).
As in the three-hour simulations, the performance of work sensitive tasks
required considerably more effort than did non-work sensitive tasks (compare
Tables 3- 18 and 3- 19). Heart and respiratory rate task profiles for a single
subject are shown in Figures 3-52a and 3-52b.
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Effect of Pressurized Suit Conditions - The pressurized suit demands a con-
siderable increase in physical effort over other suit conditions for a given task.
Navigation tasks performed while pressurized results in heart rates and
respiratory rates averaging 150 beats/min and 40 breaths/min respectively
compared to values on the order of 105 beats/min and 26 breaths/min for the
shirtsleeved or vented suit condition (see conversion graph, Figure 3-17).
The pressurized suit navigation task effort exceeds that of the pressurized PLSS
checkout.
Subjective Volume Survey
The results of the survey are summarized in Table 3-20. Inspection of this
data indicates that the ratings varied with duty station volumes. In general
the minimum volumes were rated consistently lower than the optimum volume.
Also, the optimum volumes were rated as being more acceptable than the -10
percent conditions. The average rating for the minimum volume condition
was 4.3, (a 4.0 rating is "Unacceptable for Normal Operation"). The average
rating for the optimum volume condition was 6.0 or "Satisfactory but with Some
Mildly Unpleasant Characteristics". This average rating includes the two low
ratings that were assigned to Duty Station IV. These low ratings resulted from
the interference in this workspace that resulted when the Duty Station V ceiling
was lowered. Duty Station IV was designed as a stand-up work area, conse-
quently when the center aisle ceiling was lowered and the subjects were forced
to stoop, their visual and physical access to this particular duty station was
impaired. This impairment is reflected both in the performance data and in
these ratings.
12504-ITR- 1
3-114
Table 3-20. Summary of Volume-Opinion Data
(i 0-Hour Simulations
Duty Station/Task
Io
II.
Drive
Monitor
Navigation
Communication
Don/Doff
Egress/Ingress
III.
IV.
Scientific Task
Meal Preparation
Suit Checkout
PLSS Checkout
Vo Scientific Task
Suit Don/Doff
Navigation
Meal Eating
Minimum Optimum
4.8
5.3
4.7
4.7
4.1
3.5
-25%
4.0
4.0
4.7
3.0
-25%
3.0
3.0
3.9
3.4
6.8
6.7
7.3
7.0
6.2
6.0
-lo%
3.0
4.0
-lo%
5.1
6.1
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Summary Discussion
Based on the results of the previously conducted three-hour simulations, esti-
mates were made of what were felt to be "optimum" and "minimum" dimensions
for duty stations I, II and IV. These dimensions were based on the performance,
physiological and volume - subjective data that were obtained under the -10 per-
cent and -25 percent conditions. During these simulations the subjects performed
a schedule of tasks that was representative of a ten-hour segment of a typical
workday. Performance, physiological and subjective rating data were taken in a
manner similar to the one used in the th_:ee-hour simulations.
The results of this phase of the study were highly similar to those obtained
during the previous study in that performance on some tasks appeared to be
highly dependent on the volume parameter. For example, driving perform-
ance under minimum volume conditions was markedly and consistently degraded
from what it was under optimum conditions. The monitoring task, however,
showed no such effect. Thus operator proficiency on some tasks appears to be
more highly dependent on volume than others. The difference in this case is
perhaps due to the fact that the monitoring task has a very low workload in
terms of the required range of movement and degree of coordinated hand and
arm movements as compared with the driving task.
The navigation task data indicate that the best performance in terms of time
and accuracy was obtained under the most liberal volume conditions. However,
under the most restrictive conditions the relationship between time and accur-
acy became more apparent. Subjects performed the task with greater time
savings but in the process they sacrificed their accuracy. This task, like
the driving task, required close hand-eye coordination and precise muscular
movements.
Suit don/doff and suit checkout times also increased with decreased cabin
volume.
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Performance on the PLSS checkout task was degraded considerably under mini-
mum volume conditions. The effect that Duty Station V had on performance of
this task is not clear, but as discussed earlier in this section, the Station V
ceiling interferred with visual and physical access to the PLSS.
An examination of the physiological data permits the following generalizations.
Physiological measurements recorded during non-work sensitive tasks (driving,
monitoring, scientific tasks, eating, and resting) are not noticeably affected
by the volumes used, by the suit condition, or the task performed. Physiological
values recorded during navigation tasks were not sensitive to the volume
changes. The performance of work sensitive tasks (those requiring the activity
of large muscle groups) results in elevated physiological measurements as
compared to tasks analytically defined as non-work sensitive.
The subjects t subjective rating data indicates that the minimum volume
conditions were on the average, considered to be "Unacceptable for Normal
Operation". The optimum volume condition was rated "Satisfactory, but With
Some Mildly Unpleasant Characteristics".
12504-ITR- 1
3-117
SEVENTY-TWO HOUR SIMULATION STUDIES
Introduction and Purpose
The previous phases of the program were primarily concerned with relating
various performance and physiological indices to workspace volume restrictions.
These early phases attempted to place quantitative bounds on practical minimum
voltages for various duty stations in the simulator. Because of the exploratory
nature of these studies, it was necessary to limit the duration of these early
simulation to relatively short time periods and to concentrate on developing
valid provedures in addition to deriving volumetric trade-off data. Conse-
quently, until this point, the program led in a stepwise fashion through a
series of separate testing phases in which both testing procedures and data
were successively refined. Upon conclusion of the 10-hour simulations, it
was possible to make a realistic estimate of a single integrrated minimum cabin
volume and configuration. This estimate, however, was based on incomplete
simulations. The longest mission segment that had been simulated was a
10-hour portion of the work day. During these Simulations no time was spent
on the tasks associated with sleeping, housekeeping, and the preparation and
eating of two of the daily meals. These activities would take up considerable
portions of each day during actual missions. The successful accomplishment
of the se additional tasks is thus crucial to a mission. To satisfy the require-
ment for inclusion of these tasks, a seventy-two hour segment of a mission
was simulated.
A secondary objective of this phase of the study was to investigate the effect
mean scheduling on operator performance. Two basic concepts of meal sche-
duling have been proposed. The first concept is to schedule four meals of
approximately equal size at four-hour intervals throughout the workday.
This meal schedule is referred to as the multi-meal concept. The second
or mini-meal concept, is to schedule several smaller meals over the same
12504-ITR- 1
3-118
time period. Under the mini-meal concept four meals are provided on the
same schedule as under the multi-meal schedule. These meals, however,
are smiled in size than the multi-meals but are supplemented with high-
calorie drinks twice during each day. Both meal schedules provided about
2800 calories per day. Sample menues for the two meal schedules are
shown in Figures 3-53 and 3-54.
Procedure
The 72-hour simulation studies were performed under minimum volume
conditions. Each simulation started at noon and ended at noon of the fourth
day. The meal schedule for the first simulation required one subject to
take his meals on the multi-meal schedule and the other subject on the
mini-meal schedule. During the second test the subject who had been on
multi-meals went on mini-meals and the subject who had been on mini-
meals went on multi-meals. Each subject began his particular diet two days
prior to the start of the simulation.
The dimensions of the various duty stations for both simulations are presented
in Figures 3-55 through 3-59.
The subjects performed their tasks according to the schedule in Figure 3-60.
The Task Flow Diagram shows that, in addition to the tasks required for
"normal" shelter operation, several emergency tasks were scheduled. Des-
criptions of the simulated emergencies and the results obtained are presented
in the Emergency Simulations section of this report.
Throughout the simulation period, physiological data, and task performance
measures were obtained as in the previous studies. In addition, time-
lapse motion picture records were made.
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DAY #1
Ist Meal
Corn Flakes, Cream & Sugar
Coffee
B_con & Eggs
To_uato Juice Cocktail
2nd Meal
Chicken a la King
Cream of Mushroom soup
Orange Juice
Coffee
1 Fruit Bar
3rd Meal
Hash
Coffee
TOTAL
Cream of Tomato Soup
5 Graham Crackers &
Cream Bars
TOTAL
4th Meal
Fruit Punch
Beef Stew
TOTAL
TOTAL
Dry Wt
(gm)
5O
2
5O
23
50
50
50
2
42.6
5O
2
5O
5O
40
100
Water
Needed
(ml)
175
220
75
204
150
200
177
220
220
220
284
240
300
Calorie s
220
5
310
70
-605
233
216
187
5
180
821
225
5
184
220
634
154
483
637
Protein
(gm)
4.55
17.6
2.4
24.55
22.72
12. 15
1.22
3.0
39. 19
8.90
9.62
4.55
23.07
27.76
27.76
Fat
7.0
23.85
0.46
31.31
11.82
12.08
.30
12.40
36.60
8.40
5.66
9.40
23.46
27. 18
27. 18
5th Meal
Wheat Flakes, Cream & Sugar
Coffee
Scrambled Eggs
Orange Juice
7 Pieces Cinnamon Toast
TOTAL
6th Meal
Grape Drink
Cream of Potato soup w/beef
5 Sugar Cookies with Cream Bars
TOTAL
50
2
50
50
20
4O
5O
5O
DAY #2
175
220
100
177
240
210
220
5
297
187
85
5.25 7.25
m
794
154
225
240
619
19.90
1.22
2. 14
28.51
21.33
• 30
i. 76
30.64
8.90
4.65
13.55
9.25
10.65
19.90
Figure 3-53. Six-Day, 24-Meal Cycle - Approximately 2800
Calories per Day
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PROXIMATE ANALYSIS
--DAY # 1
Meal IA
Corn Flakes, Cream and Sugar
Coffee
Bacon and Eggs
TOTAL
Meal 2A
Chicken a la King
Coffee
1 Fruit Bar
Dry Wt.
(gm)
50
2
50
50
2
42.6
Water
Needed
(ml)
175
220
75
150
220
C alo rie s
220
5
310
535
233
5
180
418
Protein
(gm)
4.55
17.60
22.15
22.72
3.10
Fat
7.00
23.85
30.85
11.82
12.40
TOTAL 25.82 24.22
Chocolate Hi-Cal Base 73 160 400 11.31 26.16
225
5
184
414
Meal 3A
Hash
Coffee
Cream of Tomato Soup
TOTAL
220
220
284
240
300
8.90
9.62
18.52
27.76
50
2
50
40
100
Meal 4A
Fruit Punch
Beef Stew
154
483
637
8.40
5.66
14.06
27. 18
TOTAL 27.76 27.18
Strawberry Hi- Cal Base 73 160 400 10.5 25.77
DAY #2
Meal 5A
Coffee
Scrambled Eggs
Orange Juice
Cinnamon Toast
Meal 6A
Grape Drink
Cream of Potato Soup
Butterscotch Hi-C_Base
TOTAL
TOTAL
2
50
5O
20
40
50
73
220
100
177
240
210
160
5
297
187
85
574
154
225
379
400
19.90
1.22
2.14
23.26
8.90
8.90
10.5
Meal 7A
Coffee
Barbecued Beef
Toast
1 Fruit Bar
TOTAL
.
50
20
42.6
220
132
5
287
85
180
557
14.20
2.14
3.10
19.44
21.33
.30
1.76
23.39
9.25
9.25
25.77
20.85
1.76
12.40
35.01
Figure 3-54. Modified 6-Day 24-Meal Cycle Supplemented
With Hi-Cal Beverage Base
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Results
The two primary objectives of the three day simulations were to determine
if meal scheduling was a major factor in maintaining performance and to
determine the acceptability of the previously defined duty-station minimum
volumes over an extended period of time. To answer the first question it
is necessary to look at the individual task performance data. These data
are plotted as percent change from the averages that were determined under
the minimum volume conditions of the ten-hour simulations. The data for
the two seventy-two hour simulations are presented together.
To illustrate the long-range effects of working in a restricted volume, the
data have been plotted as average performance during each day of simulation.
The data points for the different tasks represent averages performance, in
terms of time or accuracy, across the four days of testing. By plotting the
data in this way, it is possible to show on single graphs the extent to which
each subject's performance differed from the other subject and to show the
extent to which the subjects' performance changed during the simulation
period using the ten-hour_¢imulation data as a baseline.
Driving performance data are presented in Figures 3-61 and 3-62. The
data on these charts reflect the average change in the subject's time to
make the commanded heading changes each day of the simulated mission.
These data have been averaged across task rates and trials. During the
first simulation, the driving performance of both subjects was consistently
better than it was under the ten-hour simulations (see Figure 3-61). Also,
with the exception of the first day, S 3 performed the driving task more
proficiently than did S 1, the subject on the mini-meal diet. Overall S3's
performance was 5% better than Sl'S.
During the second 72-hour simulation both subjects performed less efficiently
than before and the differences between them became more marked. Sl'S
performance was degraded on the average, 9.5% from nominal while S's
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Figure 3-61. Driving Task, 1st 72-Hour Simulation
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performance averaged 5% better than nominal. The 14.5% difference between
subjects is nearly a three-fold increase in their difference during the first
simulation. This difference appears to have resulted primarily from a con-
side rable degradation of SI' s performance.
In summary, under both meal schedules S3 performed better than SI. During
the second simulation both subjects performed at lower levels than d_ring
the first simulation. When the mean schedule was reversed, S1 suffered a
20% drop in performance compared to S3ts 10% change.
Performance data for the monitoring task are presented in Figures 3-63 and
3-64. The data points located above the base-line indicate improved per-
formance. During both simulation period, irrespective of meal sched:_les, S3
performed at considerably higher levels than did SI. Figure 3-63 indicates
that performance of both subjects tended to deteriorate from the second day
to the last day; however, this trend is not evident in the data from the
second simulation.
In summary, the difference in meal scheduling between the two subjects did
not appear to be a determining factor for this task. There was no general[
change in performance with time.
The times requires by the subjects to perform the pressure suit checkout
task are shown in Figures 3-65 and 3-66. The data in Figure 3-65, the
first 72-hour simulation, indicate that the subject who had the supplementary
high calorie drinks, SI, initially performed this task in considerably less
time than the other subject. However, as the simulation progressed_ the
time required by this subject to perform this task increased until, at the
end of the fourth day, he performed at a level equal to the base-line.
During the second 72-hour test, S3 performed the task in considerably less
time than SI. S3 was then the subject on the supplemented (mini-meal) diet.
Based on these task performance times the data for this task favor the
mini-meal scheduling concept.
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Figure 3-64. Monitoring Task, 2nd 72-Hour Simulation
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Performance data for the PLSS (backpack) checkout task are presented in
Figures 3-67 and 3-68. During both simulations S 1 improved his performance
to a greated extent than did $3, as reflected by the larger negative percent
changes in time. Variations in meal scheduling apparently did not influence
subject performance on this task.
The increase in S3's time in Figure 3-67 on day 3, resulted from an experi-
menter's error in structuring the problem and should be disregarded. In
general the task completion times were fairly consistent for the duration of
each simulation. Performance was also consistent from the first simulation
to the second.
Navigation-task time and accuracy data are presented in Figures 3-69, 3-70,
3-71, and 3-72. During the first simulation the subject who was on mini-
meals, $1, consistently performed the task with considerably less accuracy.
This was true for both simulations. Consequently, while there is some basis
for assuming that task completion time might have been related to the meal
schedule during these simulations the data on navigation accuracy suggest
that the decreases in task times might have resulted from the subjects being
less careful in obtaining their sightings and doing the necessary calculations.
The time data for pressure suit donning and doffing during the first 72-hour
simulation are plotted in Figures 3-73 and 3-74. The data for the second
simulation are presented in Figures 3-75 and 3-76. It should be remembered
that the pressure suit donning and doffing tasks were performed as a joint
effort with the two subjects assisting each other. Consequently° it was not
possible to obtain individual t_sk completion times for this task. Therefore,
the data presented in Figures 3-73 through 3-76 reflect the total time required
by both subjects to either don or doff their pressure suits. The data presented
here illustrate the extent to which the subjects maintained their performance
during the two simulation periods. In general the data indicate that the subjects
performed this task in less time than they did during the ten-hout simulations
and that they maintained their level of performance fairly well throughout the
runs.
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Figure 3-71. Navigation Task Accuracy, 1st 72-Hour Simulation
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Figure 3-72. Navigation Task Accuracy, 2nd 72-Hour Simulation
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Figure 3-73. Suit Don Time, 1st 72-Hour Simulation
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The re is an indication in Figure 3-74 that the suit doff time was lengthening
from the second day to the end of the simulation period. Such an effect was
not apparent in the second 72-hour simulation, Figure 76.
The times required by the subjects to perform the scientific sorting task
are presented in Figures 3-77 and 3-78. During the first simulation the
mini-meal subject performed the task at a somewhat more consistent
time savings than the other subject. There does not appear to be any
significant trend toward improved or degraded performance for either
subj e c t.
During the second simulation S 3 performed with considerably greater
consistency and time savings than S I. SllS time increased from -18% on
the first simulation to +9% on the second simulation, when he was on
multi-meals.
The performance data on this task indicates that performance is better
under the mini-meal than under the multi-meal schedule.
Reaction time data for the two simulations are plotted in Figures 3-79
and 3-80. These data have been normalized to performance on the first
day of the first simulation and are plotted as percent change. Positive
changes indicate longer response times and negative number indicate shorter
times. The data have been further reduced to show the relative differences
in the response times that were measured as part of the normal work cycle
and those that were measured in the middle of the sleep period under a
simulated emergency condition.
During the first simulation, the subject on the mini-meal schedule, S I,
showed a increase of 10% in his normal work-day reaction times on the
third day. This increase was maintained on the fourth day. The only
measurement of his reaction time under "emergency" (aroused from sleep
at night) conditions yielded a 5% increase. $31s normal work-day reaction
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i
time got progressively shorter during the first three days of testing, then
tended back toward normal on the last day. His "emergency" reaction showed
a 13% increase from the third tothe fourth day.
During the second 72-hour simulations Si's reaction time, as measured
during the work cycle, started out 15% higher than normal and consistently
shortened until on the fourth day it was within 1% of normal. His reaction
times under emergency conditions were approximately 5% longer during the
second and third days but on the fourth day increased to 30% greater than
normal. S3's work-day reaction time averaged about 5% faster than normal
throughout the four days of testing. His reaction time as measured under
the nightime emergency condition increased from -4% on the second day
to 8% on the fourth day.
In general, there does not appear to have been any consistent improvement
in the normal work-day reaction time across the 72 hours of simulation.
This was true for both subjects and under both meal schedules. However,
the reaction time task that occurred in the middle of the sleep period does
appear to have lengthened for both subjects as the simulation progressed.
Under all conditions tested the "emergency" reaction times on the last day
of testing were considerable longer than on the first day.
Response and time accuracy data are presented in Figures 3-81 and 3-82
for the meter monitoring task. All data for this task have been normalized
to the first day's performance of each 72 hour simulation. During the first
simulation there is an indication that Sl'S performance was improving, in
terms of both accuracy and time, throughout the run. S3 improved his
accuracy but also lengthened his response time.
During the second simulation, Figure 3-82, both subjects' performance
showed progressive deterioration. On the last day of testing Sl'S error
scores were 4.5 times as large as on the first day. S3's error scores
increased by a factor of 2 and his times lengthened by a factor of 1.25.
all tasks that were tested, the subjects' meter monitoring performance
showed the greatest degradation with time.
Of
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Physiological Me asurements
72 Hour Simulations
During the 72-hour simulation studies all volumes and tasks were held con-
stant, the variable was time. Physiological data was collected from one of
the two subjects each day. The subjects performedthe Harvard StepTest
prior to the first 72-hour simulalion and at the end of each of 72-hour simu-
lations. The subjects were weighed prior to and after each simulation.
Harvard Step Test Results
The subjects did not participate in any physiologically significant activities
during the four days separating the two 72-hour simulations. The scores
(see Table 3-21) showed a definite decrease in fitness in subject 3 over the
two simulations. Since subject 3 continued each test for the prescribed 5
minutes his score could not be increased by motivational factors. Subject 1
bettered his score, perhaps because of an increased desire to continue the
test for the 5-minute duration. As a result it is uncertain whether subject 1
improved in physical fitness, showed no decline, or accomoodated for a
decrease in fitness by increased effort.
Variations in Subject Weight
The following table shows the variation in the subjects' weight during the
72-hour simulations.
Weight (kg)
i st Simulation 2nd Simulation
Subject Before After Before After
1 64.4 65.0 64.8 65.9
(142 Ib) (143.3 Ib) (142.9 Ib) (145.3 ib)
3 78. 1 78.4 77.0 77.5
(172.2 ib) (172. 8 ib) (169.8 ib) (170.9 Ib)
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Both subjects showed small weight increases during the simulations. Subject i
showed the largest weight increases for both simulations, with an increase of
I. 6% during the second 72-hour simulation.
Physiological Parameters
Variations in physiological measurements are shown in Figure 3-39° Heart
rates, respiratory rates, systolic blood pressure and pulse pressure (when
measures) as a function of the days of the simulation are shown for each sub-.
ject as percent of maximum. Resting base data are indicated by dashed lines.
A comparison by tasks of the subjects and an evaluation of each subject's
physiological data as a function of time is presented below.
Non-work Sensitive Tasks
Driving Tasks -- Driving was not a strenuous task for either subject. Subject
3 generally appeared to work at a lower percent of his maximum than subject
I. The difference between the subjects, however, is not appreciable. Neither
subject evidenced any unusual increase in stress due to driving as the simula.-
tions progress. Subject lls heart rate increased somewhat from the 2nd to
the 4th day in the first 72-hour simulation. Both subjectls heart rates
tended to decrease during the second 72-hour simulation. (See Figures
3-83 and 3-84.)
Monitoring -- The same general conclusions regarding the driving tasks also
apply to monitoring (see Figure 3-83). In addition subject 1 showed a drop
in diastolic blood pressure (as evidenced by the low systolic pressure and
relatively large pulse pressure) on day 3 as compared to day 1 for the
second 72-hour simulation. Subject 1 showed an increase in diastolic blood
pressure during the first simulation and a decrease during the second.
(See Figures 3-83 and 3-84.) Subject 3 showed no blood pressure trends.
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Scientific Task -- Neither subject showed any evidence of physiological
variation with time during this task. (See Figures 3-85 and 3-86. )
Problem Solving -- (a task included in the second simulation only). The sub-
jects showed no unusual differences between themselves nor did the task
reveal any signs of physiological changes with time. (See Figure 3-86. )
Food Preparation -- There appeared to be a lowering of respiratory rates
with time for both subjects. Subject 1 showed an increase in diastolic blood
pressure on day 4 as compared to earlier days of the first simulation. (See
Figures 3-87 and 3-88. ) During the 2nd simulation, the diastolic blood
pressure increased somewhat for subject 3. Subject 1 was unaffected.
Rest -- No unexpected differences existed between subjects, not did the
subjects show any evidence of physiological changes with time.
Sleeping -- During sleep only respiratory rates and heart rates were
recorded. Both subjects showed heart rates as low or lower than the
resting base data recorded while in the sitting position. The evidence
suggests that in both simulations the subjects slept as well on the third
night as they did during the first. (See Figures 3-85 and 3-89. )
In general, the subjects responded similarly with respect to each 72-hour
simulation as judged by P[Pc values recorded. As in the 3-hour and 10-
hour simulation studies, non-work sensitive tasks did not result in large
or consistent rises in physiological variables. This observation is illus-
trated during both 72-hour simulations in that the subjects at times showed
average peak heart rates and respiratory rates 50% of their steady State
maximums or greater for driving, monitoring, scientific and eating tasks,
but peak values were usually singular and never exceeded 60% of maximum
for heart rates or 68% of maximum for respiratory rate. Concurrent rises
in heart rate, respiratory rate and pulse pressure (suggestive of an
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increased work effort) were not evidenced. Table 3-22 shows the highest
average heart rate and respiratory rates achieved. The magnitude of
these changes within their present context are not greater than what would
be expected during laughter or mild anticipatory responses.
Table 3-22. Magnitude of Maximal Average Heart Rate and
Respiratory Rates Greater Than 50% Maximal
Achieved During Non-work Sensitive Tasks
Task
Driving
Monitoring
Scientific tasks
Eating
Subject
Heart Rate
% max Beats/rain
52
5O
57
57
Re spiratory Rate
8O
77
109
109
% max
63
68
57
62
Bre aths/min
25
27
24
26
Work Sensitive Tasks
Navigation Tasks -- Subject's heart rates remained relatively unchanged
during the runs except that subject 1 showed an increased heart rate on
day 4 of the first 72-hour simulation. Performance data indicates that the
subject worked faster during this task on the last day. Respiratory rates
showed a tendency to decrease with time for each subject during the first
simulation. A similar tendency is evidenced for subject 1 in the Second
simulation. Subject 3, however, showed the opposite trend for the second
simulation (see Figures 3-90 and 3-91.)
Suit and PLSS Checkout -- Barring the effect of the vented suit (which tends
to increase the respiratory rate for this task) no appreciable differences
existed between the subjects or between each subject over the days of the
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simulation during the first 72-hour study. (See Figure 3-90.) Heart rates
and respiratory rates were elevated for subject 1 on the last day of the
second simulation compared with the first day. (See Figure 3-91. )
Suit Donning -- Heart rates and pulse pressure for subject 3 were generally
at a somewhat higher percentage of his maximum than subject 1is. An ex-
amination of Figures 3-92 and 3-93 indicate that subject 1 tended to in-
crease his effort during suit donning from day 1 of the first study to day 3
of the second study as evidenced by increasing heart rates and respiratory
rates. Subject 3 tended to make comparable efforts each day as evidenced
by relatively constant heart rates (about 80% max. ) and respiratory rates
(about 100% max. ).
Suit Doffing -- Percent of maximum heart rates and respiratory rates for
subject 1 tended to increase over the 72-hours of each study, i.e. _ percent
of maximums were higher at the end of the simulations than at the beginning.
Subject 3 had higher heart rates and respiratory rates during the first
72-hour study than during the second one. No appreciable differences
existed between subject 1 and 3 during the second simulation. (See
Figures 3-92 and 3-93.)
Suit donning and doffing tasks were considerably more taxing than the navi-
gation task and the suit and PLSS checkout tasks. During the second 72-
hour simulation suit donning tasks re suite d in appreciably higher P/PC
values thatn those measured for suit doffing.
Comparison of Shirtsleeve and Vented-Suit Conditions
The subjects wore the ventilated suit most c_ the third day of the first 72-hour
simulation. The physiological data obtained from one subject during this
period is shown in Table 3-23. No appreciable difference existed between the
physiological datameasured during the two conditions for driving and
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Table 3-23. Comparison of Shirtsleeves Versus Vented Suit Condition
for Subject 3, During Third Day of the First 72-Hour
Simulation. P/Pc Values
(All P/Pc Values are Averaged Over
repetitive tasks. )
HR RR SBP PP
Task Suit Condition % inch % inch % inch % inch
Naviga-
tion
Drive
Monitor
Re st
Suit and
PLSS
Check
Scien-
tific
Tasks
Re action
Time s
Shirt Sleeve s
Ve nte d Suit
Shirt Sleeves
(from day 1)
Vented Suit
Shirt Sleeve s
Vented Suit
Shirt Sleeves
Vented Suit
Shirt Slee ves
(from day 1)
Vented Suit
Shift Sleeve s
(from day 1)
Vented Suit
Shirt Sleeve s
(from day i)
Ve nte d Suit
.51
• 59
.43
• 46
.41
.45
.57
.69
• 50
.53
• 48
• 60
.43
• 45
.72
.69
• 74
.72
.79
.66
.72
.55
.54
.57
.47
• 38
• 48
.64 ---
• 71 .76
.57 ---
• 64 ---
.43 ---
• 68 ---
.86
.74
.72
• 70
.67
.61
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resting tasks. Monitoring and suit and PLSS checkout tasks showed elevated
respiratory rates while in the vented suit; the other P values (where measured)
were unaffected by the suit condition, Navigation and reaction time tasks
showed increased heart rates and increased respiratory rates in the ventilated
suit condition. This phenomena is of particular interest in reaction time
tasks, since no physical movement other than very limited hand movement
was used. An examination of the performance data for this task indicates
performance improvement of 8% on day 3 with respect to the performance
of day i. This suggests thatfor this task, the vented suit did not cause the
increased heart and respiratory rates, but that other factors, such as in-
creased anticipation and motivation were being reflected. It is believed
_hat the difference in heart and respiratory rate during the scientific tasks
were, like reaction times, a function of emotional factors rather than
suit conditions, since the scientific tasks, also,required only small
hand movements.
The changes in physiological variables attributed to the vented suit condition
can be summa rized as follows:
Task
N avig ation
Monitor
Suit & PLSS check
Drive
Re sting
Scientific task
Reaction time
Physiological Changes Attributed to the Suit
Increased heart and respiratory rates
Increased respiratory rates
Incre ase d re spiratory rate s
None
None
None
None
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Iso-Occupancy Charts
The performance and physiological data that have been presented illustrate
the effect of reducing workspace free-volume. By using these data it has
been possible to specify minimum acceptable dimensions of height, width
and depth for the various cabin duty stations. These dimensions define the
duty stations as box-shaped areas which provide the space required for
the various tasks. These duty station areas can be further refined by taking
into account the actual shape of the space that the subjects used during the
simulations. In effect, this would sculpture the workspace to the specific
task requirements.
In order to determine optimized workspace geometries time-lapse motion
pictures were taken of the subjects as they performed various tasks.
These films were used to derive "iso-occupancy charts" for the various
duty stations.
Films of eight different tasks were analyzed from 16-second samples taken
throughout the duration of the task. Each sample frame was projected at a
scaled size onto a matrix of cells 12.9 cm 2 (two inches square). Each
cell in the matrix that contained any part of the subject's body or suit was
marked once for that frame. This resulted in the matrix being filled
with a pattern of marks in cells, reflecting the subject's position in the
airlock. These data were later converted to "iso-occupancy" data or
curves which are reproduced in Figures 3-94 through 3-101. The curves
on these charts reflect the minimum percentage of time that the subject
occupied the various areas of each of the duty stations. The curves are
cumulative in the sense that the total area under the 25 percent curve,
includes the area under the 50 percent curve, etc.
Listed in Table 3-24 are the subjects and the work locations used for each
task that was analyzed. Due to ithe side-by-side seating arrangement in
the cockpit area, side-view time-lapse photography was not available.
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Table 3-24. Iso-Occupancy Tasks
Task
Egress from Chair
Eating
Sci. Problem Solving
S 1
X
S 3
X
X
Duty
Station
I
III
III
Navigation
Suit C / O
Sci. Task
Suit Don
Suit Doff
X
X
X
X
X
X
X
V
IV
II1
II
II
Figure 3-94 is an iso-occupancy chart of the area used while egressing from
the driverls seat in the cockpit area. As indicated in the diagram, the
ceiling is 160 cm (63 inches) high. The figures for the eating; scientific
and problem solving tasks were similar in that the subjects were seated
on backpacks on duty station III. (See Figures 3-.95, 3.-96, and 3.497).
Drinking from the food containers contributed to a much more irregular 1%
occupancy curve for the eating task. Suit checkout and navigation were per-
formed in duty stations IV and V while in a standing position. (See Figures
3-98 and 3-99). In the navigation iso-occupancy charts Figure 3-99, peri-
scope stowage in duty station III accounted for the activity in that area.
Figures 3-100 and 3-101 are the iso-occupancy curves for both subjects
during the pressure suit donning and doffing task in the airlock. The un-
balanced occupancy is due to the fact that subject 1 normally stood with his
back to the left side of the airlock, whereas subject 3 knelt or crouched
most of the time on the right side of the airlock. During suit donning,
12504-ITR-I
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the backpack was temporarily stored on the floor against the right wall.
During suit doffing, the backpack was placed on the floor near the left
side of the airlock.
It should be noted that this technique does not yield a criticality index of
the various areas. It is possible, for example, that certain movements
which an area less than one percent of the time are critical to the com-
pletion of the task. An evaluation of movement criticality requires a
detailed knowledge of specific subsystems which was not available at the
time of this study.
Volume Opinion Data
The volume-opinion data for the 72-hour studies are presented in Tables
3-25 and 3-26. Inspection of these data indicates that there was no con-
sistent shifting of opinion during the simulations or between the simula-
tions for the minimum volume condition. In general, the subjective
ratings that were assigned ranged between 4.0, "Unacceptable for Nor-
mal Operations" and 6.0 "Satisfactory, but with Some Mildly Unpleasant
Characteristics". The highest ratings, indicating full subject satisfaction,
were assigned to Duty Station V. The lowest ratings were assigned to
Duty Station IV. This duty station was designed as a stand-up work area
with a 99.06 cm (39-inch) high work surface. The lowered center aisle
ceiling undoubtedly interferred with the subjects} physical and visual
access on tasks performed here.
Summary Discussion
For most of the tasks there was no consistent change of subject performance
over time. The one task that was most dramatically degraded was the
vigilance-monitoring task wherein performance decreased by a factor of
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TaMe 3-25. ist 72-Hour Simulation Summary of Volume-Opinion Data
Duty Station/Task
Io.
II.
III.
IV.
Vo
Driving
Monitoring
Navigation
Communication
Re action Time
Pressure Suit
Donning / Doffing
Me al Preparation
Scientific Task
PLSS Checkout
Suit Checkout
Problem Solving
Sleeping
Eating
Navigation
Day 1
5.0
5.5
5.0
Day 2
4.5
4.7
5.7
4.0
Day 3
4.0
4.7
5.3
4.0
--- 6.8
--- 4.2
5.7 5.8
6.0 5.0
6.0 5.5
5.0 4.0
-:-- 7.0
6.0
5.7 5.7
5.0 5.4
6.0
4.7
7.0
6.0
5.7
5.2
Day 4
5.0
5.0
6.0
5.0
6.5
4.2
6.5
5.5
6.0
5.5
Average Subjective Rating
I, II, II, IV, V Overall Subjective
Rating (completed by the subjects
at the end of day)
5.4 5.3
5.0
5.0
4.5
5.3
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Table 3-26. 2nd 72-Hour Simulation Summary of Volume-Opinion Data
Duty Station/Task Day 1 Day 2 Day 3 Day 4
Io
II.
III.
IV.
V°
Driving
Monitoring
Navigation
Communication
Reaction Time
Time Estimation
Pressure Suit
Donning ] Doffing
Meal Preparation
Scientific Task
PLSS Checkout
Suit Checkout
Problem Solving
Sleeping
Eating
Navigation
Average Subjective Rating
I, II, III, IV, V Overall Subjective
Rating (completed by the subjects
at the end of the day).
4.5
5.0
5.5
5.0
6.0
5.0
4.7
6.5
6.3
5.3
5.3
4.5
4.7
5.0
5.3
5.0
5.7
4.4
6.5
6.5
6.8
5.3
5.3
5.0
4.3
4.2
5.7
4.0
6.3
5.0
5.0
6.0
5.5
6.8
5.7
5.1
4.5
5.0
5.0
5.5
4.0
7.0
6.0
5.0
6.0
6.2
5.5
5.5
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d
4.5 and I. 25 for subjects 1 and 3 respectively. No other task showed this
magnitude of change. Several tasks, however, showed lesser changes.
Navigation and suit checkout times improved with time while navigation
became less accurate, particularly during the second study.
The extent to which meal scheduling affected performance appears to be
a function of the tasks performed. Some tasks, for example the scientific
sorting task, showed that the subjects when on the supplemented meal
(mini-meal) schedule performed at more consistent levels and generally
required less time than when under the unsupplemented meal schedule.
Both subjects showed small weight increases during the three day simula.-
tions, subject 1 gaining more than subject 3. As measured by the step
test, one subject showed a decline in physical fitness during the study;
the other showed improvement.
With few exceptions, the non-work sensitive tasks produced no change in
physiological measures atti_ibutable to the duration of the simulations.
Variations thai were observed were either too small to be considered
meaningful or were due to subject differences evidenced during the
calibration of the subjects. Though possible blood pressure changes
appeared for certain tasks and subjects (e. g., subject 1 showed diastolic
blood pressure increase during the first 72-hour study on four tasks)
there was not enough balanced data on both subjects and tasks to attribute
these trends to either the study duration or diet. Both performance
scores and physiological measurements indicated that certain tasks
on the last day of the studies were being affected by anticipatory effects.
Suit donning and doffing appeared to be peak-effort tasks. During these
tasks, subject 3 tended to work at a higher percentage of his maximum
than did subject i. Subject i, however, tended to work at an increasingly
higher percentage of his maximum for both of these tasks as the studies
progressed. This result, taken with the fact that this subject tended to
score progressively higher on physical fitness tests, showed definite
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weight increases, and appeared to show an increase in vasomotor tone
(as evidenced by diastolic blood pressure increases over several tasks)
indicated that this subject genuinely increased in physical fitness through-
out the 72-hour periods.
None of the physiological evidence indicated any correlationw ith changes
in subject diets.
Increased respiratory rates above those measured in the shirt sleeve
condition were found in the monitoring and suit/PLSS checkout tasks
performed while wearing the ventilated suit. The vented-suit condition
appeared to cause both heart and respiratory rate increases during
navigation tasks. No physiological changes attributable to the suit were
noted for non-work sensitive tasks other than monitoring.
The subjects' volume-opinion data showed no consistent change across
either of the seventy-two hour studies. In general, the ratings for the
individual tasks were slightly lower during the first simulation but for
the most part these differences were very small. The average rating
assigned to the overall simulator volume ranged between "Unacceptable
For Normal Operation, " to 5.0 "Acceptable But With Some Mildly Un-
pleasant Characteristics. "
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RESCUE MISSION TESTS
It is conceivable that during the lunar exploration mission a Crewman could
become injured or physically disabled while on the lunar surface. If this
should occur, the inside operator will have to initiate rescue procedures to
get the injured man back into the pressurized cabin as quickly as possible.
Rescue missions were performed as part of the simulation studies to ensure
that simulated duty station volumes were adequate for this task.
The simulated rescue missions were performed during the outside scientific
tasks. As described in previous sections, both subjects went through prescribed
suit donning and pump-down procedures before initiating the outside tasks.
While the outside or surface operator was performing his tasks, the inside
operator sat in Duty Station I, wearing his pressure suit in a vented condition,
and prepared for the cOmmunication task. At this time the experimenter
introduced the emergency. The experimenter told the inside operator that an
accident had occurred and that the outside operator was down and disabled.
The inside operator was told which one of three different rescue procedure
to follow in recovering the "injured" man.
The disabled operator was simulated with an inflated Mark II pressure suit:
and attached PLSS. The suit and PLSSweighed about 22.68 Kg (50 pounds)
which simulated 136. 2 Kg (300 earth pounds}. This is the approximate weight:
of man, suit, and PLSS on the moon's surface.
The simulated disabled operator was placed on his back (304.8 cm (I0 feet)
from the outer airlock door and the experimenter told the inside operator over
the headphones to begin the rescue mission. The inside operator entered the
airlock, closed the inner doors donned his PLSS, and pressurized his suit.
He then went through the standard airlock pump-down procedure to get the
outer door open. The rescue mission was completed when both the rescuer
and the simulated disabled operator were in the air lock and ready to begin
the pump-up cycle.
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Three different rescue procedures were evaluated. The essential difference in
the three procedures was in the amount of power assistance that was provided
to the rescuer during the simulated rescue. The first procedure was a manual
task wherein the disabled operator was placed into a large protective bag, the
Rescue Operation Basic Atmosphere Container (ROBAC). The rescuer places
this device around the injured man and then moves the package into the airlock.
This procedure was to be accomplished without the aid of any mechanical or
power assistance.
The second rescue procedure involved the use of a block and tackle to pull the
injured crewman into the airlock. The ROBAC was not used during this rescue.
The third procedure utilized a power winch which was controlled by the rescue
operator. This winch was used to pull the disabled man into the airlock. The
ROBAC was not used during this procedure.
The results of each rescue procedure are discussed separately in the following
paragraphs.
ROBAC (Rescue Operations Basic Atmosphere Container) Rescue
The ROBAC concept consists of a large airtight bag that is placed around the
injured man while he is lying on the lunar surface. In the operational version,
this bag would provide air to the injured man for a four-hour period. The
ROBAC is designed primarily to protect a disabled person against pressure
suit failures or PLSS malfunctions. There are three basic advantages asso-
ciated with this concept. (1) It provides a breathable atmosphere to the
disabled man for the duration of the rescue, (2) it supports and protects the
man, (3) it holds an unconscious pressure-suited man in a fixed package shape
that can be moved through a hatch.
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The procedure required of the inside operator during this simulation was: (I)
enter the air lock and close the inner door, (2) don a PLSS and pressurize his
suit, (3) go through the standard pump-down cycle, (4) egress and place the
disabled operator in the ROBAC, (5) slide the disabled operator to the airlock_
(6) enter the airlock and liftthe disabled operator into the airlock, (7) close
the outer door and begin the pump-down cycle. The air lock was set at its
optimum size, 96. 5 cm (38 inches deep), 60. 9 cm (34 inches wide), and
182. 9 cm (72 inches high). This provided a volume of i. 529 m 3 (53.8 cubic
feet) with 0.836 m 2 (9 swuare feet) of floor area.
Results
During the test the operator encountered considerable difficulty when he tried
to put the disabled crewman into the ROBAC and required help from the
experimenter to accomplish the task. After the disabled operator was secured
in the ROBAC, the able operator slid the package to the airlock. He then picked
up the disabled operator and backed into the airlock. At this point he could not
get the disabled operator completely in the airlock nor could he close the outer
door without help. This effort required a maximal exertion by the rescue
operator.
It took the inside operator slightly more than ii minutes including the 5 minute
airlock decompression time to egrees from the airlock after he was told to begin
the rescue mission. After getting the disabled operator in the ROBAC about one
minute elapsed before the rescue operator was in the airlock and ready to close
the outer door. The total rescue mission lasted 21 minutes after the inside
operator left his seat in Duty Station I until the test was terminated.
The ROBAC concept, as presently designed, has the following disadvantages:
(i) it requires a larger volume than a pressure suit alone, therefore a larger
airlock is needed, (2) it makes the disabled operator totally dependent on the
inside operator, (3) it requires considerable time and work to get the disabled
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operator into the ROBAC, (4) the zipper opening and the over-all size of the
ROBAC were insufficient for this task.
Rescuing a disabled operator using the preliminary ROBAC design without
power assistance has several disadvantages. (1) It is time-consuming to drag
the disabled operator a long distance. (2} The rescue work is physically
exhausting for the able operator. (3) In operational situations the ROBAC
might actually further endanger the life of the disabled operator because once
the ROBAC is closed the injured operator is totally dependent on the other
man. If something should happen to the rescue operator safety of both men
would be severely compromised. (4) Manhandling the disabled operator could
produce additional injuries.
Although no physiological recordings were made from the subject performing
the rescue, it is believed that he was at a 100% workload. The subject could
not perform the task without pausing for rest at several points. The subject
reported that the task required a maximum effort and that he had a very high
respiratory rate. He rated the task as "Unacceptable ''_-''Dangerous'' on the
subjective rating scale. During the debriefing session the subject judged his
physical effort to be greater during this effort than it was during subsequent
rescues.
The 96. 5 cm (38-inch} deep by 86.4 cm (34-inch) wide airlock was marginal
because the inside operator could not get the disabled operator in the airlock
and close the door. If the disabled operator had been placed in the airlock
first and the inside operator backed in, possibly the outer door could have been
closed. The 182.9 cm (72-inch) high ceiling created no interference.
These results indicate that a re-evaluation of the current ROBAC design is
necessary if the advantage of this concept are to be usefully employed.
Specifically the ROBAC design as presently used should be changed to a} permit
easy wrap around of the incumbent astronaut by the able operator b) have fold
out rigidity to permit the able operator to form a travois and transport the
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injured astronaut, Indian fashion to the vehicle or be pulled in by power winch,
and c) have a minimum volume when inflated about the injured operator.
Block and Tackle Rescue
The ROBAC rescue mission indicated a need for mechanical assistance in
getting the disabled subject into the airlock. A block and tackle was tried
because it (i) offered the crewman a 4:1 mechanical advantage, (2)provided
a locking mechanism which permitted the weight of the disabled man to be
held without a pulling force by the subject.
The airlock was set at its minimum size 96. 5 cm (38 inches) deep, 86.4 cm
(34 inches)wide, and 160 cm (63 inches) high. This provided a volume of
i. 3309 m 3 (9 square feet. ) The block and tackle was fastened on the right
hand wall 76. 2 cm (30 inches) from the outer door and 5. 08 cm (2 finches)
below the ceiling.
The rescue mission required the inside operator to perform the following
tasks: (i) enter the airlock and close the inner door, (2) don a PLSS and
pressurize his suit, (3) go through the standard pump-down cycle, (4) egress
and attach a line from the block and tackle to the disabled operator, (5) draw
the subject into the range of the block and tackle, (6) hook the block and tackle
directly to the chest strap of the disabled operator and pull him into the air-
lock, (7) enter the airlock and close the outer door while the block and tackle
held the disabled operator upright in the corner, (8) begin the pump-down cycle.
The task was considered complete when the airlock pump-down cycle was
initiated.
The tasks went as scheduled until the inside operator attempted to get the
disabled operator into the airlock. The inside operator manipulated the block
and tackle in the airlock until the disabled operator's PLSS caught on the door
frame. The operator moved outside the lock and physically lifted the disabled
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operator into the airlock. With about one-half of the disabled operator in the
airlock, the inside operator drew the block and tackle to its dead length. With
the block and tackle locked at its dead length, the inside operator placed the
disabled operator's feet into the airlock before he made several vain attempts
to enter the airlock. At this point, the experimenter terminated the rescue
simulation.
Results
The inside operator required 11 minutes including the 5 minute iarlock de-
compression time to egress after the emergency began. Heworked four more
minutes before getting the disabled operator into the airlock. During this
period the inside operator had a heart rate of 190 beats per minute, a respira-
tion rate of 42 breaths per minute and blood pressure reading of 165/70. The
rescue mission lasted 19 minutes from the time the inside operator left his
seat in Duty Station I until the experimenter stopped the task.
The block and tackle system presented several drawbacks: (1) It was slow as
indicated by the four minute time interval required to move the disabled oper-
ator the 3. 048 m (10 feet} to the airlock, (2) It was not effective. The block
and tackle had a 1. 524 m (five-foot) working range which required the inside
operator to pull the disabled operator in 1. 524 m (five-foot} increments. Due
to its being mounted in one position the block and tackle did not adequately pull
or support the disabled operator, thus making two mounting positions neces-
sary. (3) It was inefficient. The inside operator could not operate the block
and tackle with one hand while guiding the disabled operator with the other.
(4} It was dangerous to the physical well being of the rescuer. Heart and
respiration rates indicated the inside operator was at 100% work load. Systolic
blood pressure and pulse pressure were at 103% of their calibrated maximums.
The subject evaluated the task as "Unacceptable - Dangerous" on his subjective
rating form.
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The 86.4 cm (thirty-four-inch) wide, 96.5 cm (thirty-eight-inch) deep, and
160 cm (sixty-three-inch) high airlock was unsatisfactory because it could not
contain both operators. The airlock also required bending the extremities of
the disabled operator in a way which could cause additional injury_
Winch Rescue
The first rescue indicated a need for power assistance. The block and tackle
was considered and evaluated as the power assistance. The second simulation
showed that the block and tackle did not provide enough assistance, The third
rescue procedure evaluated an outside power winch. The winch, an outside
power source, might: (i) reduce the physiological workload, (2) decrease the
time required to get the operator into the airlock, (3) permit the outside
operator to guide and protect the disabled operator.
The airlock was maintained at the minimum size of 96.5 cm (thirty-eight-inches)
deep, 86.4 cm (thirty-four inches) wide and 160 cm (sixth-three-inches) high.
This again provided a volume of i. 3309 m 3 (47 cubic feet) and a floor area of
0. 8361 m 2 (9 square feet.) The line from the winch passed through the air-
lock ceiling directly above the inner door.
Results
During this rescue mission the second subject returned to the cabin and functioned
as a winch by pulling a nylon rescue rope as instructed by the rescue operator.
The rescue operator performed the following tasks: (i) entered the airlock and
closed the inner door, (2) donned a PLSS and pressurized his suit, (3) went
through the standard pump-down cycle, (4) egressed and attached a line from
the winch to the disabled operatorWs chest, (5) guided the disabled operator into
the airlock, using the winch to do the pulling, (6) entered the airlock and began
the pump-up cycle.
The procedure worked well until the PLSS caught on the door frame. The
rescue operator was required to lift the disabled operator into the airlock.
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The winch was not strong enough to pull the disabled operator to the ceiling
without help from the rescue operator. The disabled operator's PLSS was
against the inside door and he was facing the outside door. The rescue operator
could not get into the airlock.
The rescue operator needed ii minutes including the 5 minute airlOck
decompression time to egress after the rescue mission began. _@ worked
four more minutes before getting the disabled operator into the aiI_10ck.
During this period the rescue operator had a heart rate of 170 be&is per
minute, and a respiration rate of 42 breaths per minute. These rates repre-
sent P/Pc values of 0. 89 and 1. 00 respectively for heart rate and respiration
rate. The lowered heart rate, as compared to the other simulated rescues,
indicates the merit of power assistance. The subject judged the task as
marginally acceptable for emergency conditions on the subjective _ating form.
The rescue mission lasted 15 minutes from the start of the emergency until
the experimenter stopped the task when the rescuer could not entel _ the airlock.
The simulated winch used in this test was not strong enough. Thief caused
(1) the rescue operator to do unnecessary work, and (2) the task tO go slower
because the winch did not have the power to readily pull the disabled operator
into a vertical position.
Putting the disabled operator intO the airlock on his back had the following
disadvantages: (1) the disabled operator's PLSS caught on the door frame,
requiring the rescue operator to lift the disabled operator into the airlock,
(2) the disabled operator, when lifted in the vertical position, was facing the
outer door with his legs extending out of the airlock hatch. In this position
the disabled operator's legs are forced to flex in an unnatural maNNer and he
could suffer injury both from the forced position and from the egre_Sing
rescue operator.
The 86.4 cm (thirty-four-inch) wide, 96. 5 cm (thirty-eight-inch) deep, and
160 cm (sixty-three-inch) high minimum volume airlock was unsatisfactory
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because it could not contain both operators. The airlock configuration could
a]_o require bendin_ the extremeties of the di,_able,ioperator into unnatural
posit ions.
Airlock Sizing Test Usin_ a Winch
111 the previous tests ttle minimum-sized airtock, 96. 5 cm (thirty-eight inches)
deep, 91. 4 cm (thirty-six inches) wide and 160 cm (sixty-three inches) high
with a volume of 1. 3309 m 3 (forty-seven cubic feet) and 0. 8361 m 2 (nine square
feet) of floor area would not contain both operators. The problem was to find
the optimum position for the injured man in the lock so as to make maximum
use of tt_e space available. In the previous tests, considerable amount of air-
lock space was wasted because the "injured" man's position in the airlock was
such that it prevented bending his legs. In all previous tests the injured man
tlad been placed in the airlock facing the outside door with his back against the
inside door. This test attempted to find a packaging arrangement for the two
men in the minimum sized airlock that would permit the rescuer to close the
outer door and begin the pump-up cycle in order to complete the rescue. The
procedure was similar to that followed during the earlier winch rescue test.
The line from the winch was attached to the disabled operator's chest strap
and the disabled operator was pulled, while in the prone position, into the air-
lock. Next, the outside operator and experimenter placed the disabled operator
at the rear of the airlock in a kneeling position, facing the inner door. The
winch held the disabled operator in the kneeling position while the outside
operator entered the airlock, closed the outer door, and initiated the airlock
pmnp. The experimenters aid was needed to permit alternative positions of
the disabled operator to be examined without placing undue physical stress on
the able operator.
Results
This test indicaled that the airlock at minimum size could safely contain both
operators in a rescue mission.
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Conclusion
From the rescue missions that were performed the following conclusions were
drawn: (1) a remotely controlled power winch appears to have the greatest
potential for moving the disabled operator into the airlock in short periods of
time. It also reduces the physical work load required of the rescuer. A
power winch in the airlock may have other applications that would make its
inclusion desirable. (2) The optimum size 96. 5 cm (thirty-eight inches wide),
86.4 cm (thirty-four inches) deep and 182.9 cm (seventy-two inches) high
containing 0. 8361 m 2 (nine square feet) of floor area and a volume of 1. 529 m 3
(53.8 cubic feet) was found to be too small for performing the ROBAC rescue
mission using the present ROBAC design. This size is felt to be satisfactory,
however, for the power-winch operations. (3) The airlock at minimum size of
96. 5 cm (thirty-eight inches) wide, 86.4 cm (thirty-four inches) deep and 160 cm
(sixty-three inches) high containing i0. 8361 m 2 (nine square feet) of floor area
and a volume of 1. 3309 m 3 (47.0 cubic feet), was unsatisfactory in two rescue
attempts and marginal in the sizing task. Through the ROBAC as presently
designed would not work in a minimum size airlock, the ROBAC concept
warrants further study.
The position assumed by the disabled man is the most critical factor in
determining the acceptability of these airlock volumes for this task. The
optimum position for the injured man appears to be a kneeling position with
his back to the outside door. The best method for getting the disabled operator
into the airlock and into this kneeling position is to pull him through the door
in a prone position, i.e. , on his stomach and then suspend him against the
inside wall. By placing the disabled operator in a kneeling position the second
operator is able to enter the lock and close the outer door. (4) In each rescue
mission it took the inside operator about 11 minutes to leave his original duty
station, egress from the air lock and reach the disabled operator after the
rescue mission began. This time, of course, is a function of the distance that
the disabled man is located from the lock -- in this case approximately 3. 048 m
(ten feet. )
12504-ITR- 1
3-198
ENVIRONMENTAL CONTROL SYSTEM FAILURE TESTS
Performance during an environmental control system failure was evaluated in a
simulated emergency situation. This simulation required that the subjects per-
form all those tasks necessary to return to a fixed base of operations while
wearing pressurized suits. These tasks included navigation, driving--monitor-
ing and PLSS checkout.
The volumes of all duty stations were held constant at their optimal dimensions
to preclude decrements in performance which might be caused by insufficient
volume. Due to safety factors the time during which the operators were pres-
surized was limited to 3 I/2 hours. Performance and physiological parameters
were measured and analyzed in the same manner as in the 10-hour runs.
Results
Decrements were found in all performance variables when compared with the
same tasks performed in shirtsleeve conditions at optimum volumes. These
decrements were in the form of increased time to complete the tasks and
decreased efficiency in their accomplishment.
The driving performance data (Figure 3-102) showed a degradation of about
24 percent from nominal and 31. 5 percent from the shirtsleeve condition.
Physiological parameters, however, were not adversely affected by the pres-
surized suit condition while driving. The slight lowering of heart rate and
respiratory rates as compared to the shirtsleeve condition are expected due
to breathing 100% oxygen (see Table 3-18. )
Monitoring performance also showed a significant decrease. (see Figure 3.-103).
It is perhaps significant to note that this was the only instance that a noteworthy
change in subject performance on this task was noted.
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The data in Figure 3-104 and 3-105 indicate that while the times required
for making the navigation sightings were twice as long under the simulated
emergency conditions the accuracy was only 10 percent lower. Heart rates
and respiratory rates were markedly increased for this task whil_ wearing
the pressurized suit, being on the order of 90 and 100 percent of hiaximum
respectively compared to 60 percent maximum in the shirtsleeve condition.
(See Table 3-19. )
The time required to make the required PLSS checks increased by a factor of
nearly 4. 0. See Figure 3-106.
The subjective rating data summarized in Table 3-27 indicates that the volumes
provided in Duty Station I were rated as being slightly better than itUnacceptable
for Normal Operation". The navigation sighting task and the PL_ checkout
volumes were rated as being between "Unacceptable for Normal _eration" and
"Acceptable for Emergency Operation Only".
Table 3-27. Volume Subjective Rating Summary
Duty Station/Task Average Numerica ! Rating
I
IV
V
Drive
Monitor
Navigation
PLSS Checkout
Navigate
4.3
4.5
2.7
3.5
3.7
In summary, the data indicate that performance on those tasks re_itfiring gross
muscular activity, was seriously degraded. Performance on Cogtlitive tasks,
such as solving navigation triangulation problems, suffered only rrilnor im-
pairment.
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SECTION IV
SUMMARY AND CONCLUSIONS
The basic objectives of this study were:
i. To develop minimum and optimum cabin free volume design criteria
for extraterrestrial surface roving vehicles/systems.
. To define the equipments and cabin volumes associated with the crew' s
sleeping requirements.
. To define the procedural and volumetric requirements associated with
emergency operation of the system.
In pursuit of these objectives a study plan was developed and followed which
involved both analytical and empirical methods. Early analyses were per-
formed to better define the problem and to limit the approach to those areas
where the research was most needed. Upon completion of the analytical
portion of the study, empirical methods, in the form of mission simulations,
were used to develop or validate the criteria specified in the above listing of
obj e ctive s.
The analytical portion of the plan concentrated on two aspects of the total
program. The first goal was to define those critical areas requiring research.
These critical areas (see Appendix A) received primary consideration in the
study. The second portion of the analysis phase had as its goal the development
of crew task time-lines for representative lunar missions. Two time-lines
were developed. The initial time-line was used to identify a task schedule
to be used as a basis for later simulations and to identify the equipment sub-
systems and tasks that should be included in the simulations. The second
time-line, performed at the conclusion of the program, was an upgraded
version of the first which reflected the validated task schedule and the
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empirically determined crew task completion times. This material is con-
tained in Appendix B. Pertinent conclusions based on these time-lines are:
io Considerable time-savings result if the Crew wears their pressure
suits in a vented condition during the within-vehicle work cycle. This
would reduce the time required for suit don/doff, suit chcckout_ and
other ancillary but related tasks.
. If it is desirable to maintain approximately equally spaced driving
intervals for the MOLAB mission, the time available for lunar
surface operations will be limited to two periods a day, each less
than an hour long.
. Additional time can be made available for scientific operations on the
lunar surface if the intervals for lunar surface operations can be
scheduled sequentially with the system support and checkout tasks
which require the operator(s) to egress from the vehicle.
. The LEM Shelter/LSSM mission now offers longer time periods for
operational explorations on the lunar surface than the MOLAB
mission.
The empirical phases of the program which constitute the body of this report
involved the experimental simulation of certain tasks and of segments of the
lunar exploration mission. These studies utilized a simulated mobile lunar
laboratory having five volume variable duty stations. Specific tasks were
performed in each of these duty stations by two subjects in the shirt-sleeved
vented suit, and pressurized suit conditions. Measures of crew performance
of these tasks, together with certain physiological measurements, were used
as the criteria for evaluating duty station free-volume changes and the effects
of extended stay on a simulated mission. The duty station identifications
according to task are:
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Duty Station I:
Duty Station II:
Duty Station III:
Duty Station IV:
Duty Station V:
simulated vehicle driving and monitoring of the driving
task.
the airlock - used for suit donning and doffing.
work space area for eating and scientific tasks.
work space area for checkout and maintaining the
pressure suits and portable life support system
(PLSS).
provided an area for sleeping and the performance of
navigation tasks. Parts of the area were utilized as
sitting space during the eating, scientific tasks,
pressure suit and PLSS checkout.
Performance measures in the form of completion times and errors were
recorded on all tasks. Heart rate, respiratory rate, blood pressure, and
skin temperature were recorded from one of the two subjects alternatively.
The physiological data taken from the subjects were expressed in relative
terms as a percent of maximum steady-state values obtained during a sus-
tained standard fitness test.
The results of these simulations are summarized in two parts. First,
observations concerning the overall vehicle/shelter are presented. Second,
specific design criteria or operating procedures as they relate to individual
duty stations or tasks are outlined.
General Observations
For nearly all simulated tasks, crew proficiency was related to the
amount of workspace or free volume that was provided. This was
most evident for those tasks requiring the use of large muscle groups
or precise coordination. Performance on low workload tasks was not
found to be highly related to free-volume.
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Under the minimum volume conditions tested the two subjects per-
formed most of their tasks for a seventy-two hour period without
exhibiting any major performance or physiological degradation.
(Exceptions to this general statement will be discussed in following
sections).
Based on this observation it is possible to draw the following
conclusions concerning vehicle/cabin dimensions:
i. 951 m 2 (twenty-one square feet) of floor space is an accept-
able minimum area for two men for the task schedule tested.
4. 39 m 3 (155 cubic feet) is an acceptable minimum figure for
cabin free-volume for two men for the task schedule tested.
Theminimum height of the vehicle interior should not be less
than approximately 90y0 of the subjects' standing height.
The monitoring of selected physiological parameters (permitted
the detection of major volume decreases, (b) allowed physical
effort required for emergency tasks to be objectively recorded_
(c) permitted task efforts to be measured and compared as a
percent of maximum effort, and (d) provided an objective means
of assuring the subjects' well being.
No significant differences were found in the amount of sleep
obtained under the shirtsleeve and vented pressure suit condi-
tions or between the two bed positions.
The emergency rescue of a disabled crew member by the other
man is judged feasible under the above specified minimum condi-
tions. However, power assistance should be provided because
of the excessively high heart and respiration rates that were
observed when the task was performed manually under simulated
lunar gravity conditions (one-sixth g).
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Crew performance during a simulated environmental control
system failure indicated that appreciable performance degrada-
tions can be expected when the crew must perform various tasks
while wearing pressurized suits. The amount of degradation is
dependent on the task being performed. Wearing pressurized
suits results in greatly elevated heart rates, respiratory rate,
systolic blood pressure, and pulse pressure during tasks re-
quiring the use of large muscle groups.
No significant degradations in the performance or physiological
measures were noted between the vented pressure suit and
shirt- sleeve conditions.
Differences in meal scheduling, i. e., multi-meals vs mini-
meals, has no consistent influence on either the performance
or the physiological parameters.
Tasks can be separated on the basis of their relative physiological
work load into tasks requiring the use of small muscle groups
(non-work sensitive) and those requiring the use of large muscle
groups (work sensitive).
Specific Conclusions Relative to Duty Stations
Duty Station I (Driving)
The critical dimension in this duty station was the linear distance from
the seat pan to the ceiling. This dimension should not be less than 80%
of the subject' s sitting height. The optimum height dimension appears
to be approximately 3.8 centimeters (i. 5 inches) more than the sitting
height.
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Driving performance, a visual-motor coordination task, was directly
related to the amount of free-volume. As free-volume was decreased
from nominal, performance progressively deteriorated.
Monitoring performance was not affected by volume decrements.
Subject performance on a vigilance task, when performed under minimum
volume conditions, showed marked and progressive deterioration during
the 72-hour simulation.
Performance on all tasks in this duty station was consistently degraded
when the subjects wore pressurized suits.
A comparison of performance under shirt-sleeve and vented-suit condi-
tions indicates that vented pressure suits did not appreciably degrade
perform ance.
The subjects' physiological data showed no difference between shirt-
sleeve, vented suit, and pressurized suits during tasks performed in
duty station I.
Duty Station II (Airlock)
The critical dimension of this duty station is the ceiling height. The
minimum ceiling height was found to be approximately 90% of the sub-
ject's standing height. The optimum dimension is approximately 2. 5
centimeters (one inch) more than the standing height.
A width of 96. 52 cm (38 inches) and a depth of 60.96 cm (24 inches) was
adequate for all required tasks.
All tasks performed in the airlock were "work sensitive" and both per-
formance data and physiological data were shown to be a function of the
volume provided.
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The rescue of a disabled crewman is feasible using an airlock of these
dimensions; however, a power assist is strongly recommended.
The rescue operation can be performed within a reasonable time and
degree of effort expenditure if the disabled crewman assumeB a kneeling
position facing the inside airlock door. With the disabled man in this
position, the other crewraan is able to enter the lock, close the door
and initiate the pump cycle.
Donning and doffing the pressure suits in this duty station constitute
the most physically strenuous tasks performed during a normal simu-
lated mission.
Duty Station III (Eating and Scientific Tasks)
The work area and volume of this duty station under minimum volume
conditions were marginally adequate to accomplish the required tasks.
The lowered ceiling prevented access to the microscope.
During the food preparation and eating task it was necessary to stack
the hot and cold food packages on top of each other resulting in a tem-
perature exchange, i. e., the cold packages got warmer and the hot
packages cooled. This situation is unsatisfactory and should be elimin-
ated by increasing the work area to the nominal dimensions of 50.8 cm
(20.0 inches) by 40. 6 cm (16, 0 inches) deep.
Duty Station IV (Checkout and Maintenance)
Performance on both the pressure suit and portable life support system
checkout tasks is a function of the available workspace.
Performance at this duty station is dependent on the height of the duty
station V ceiling.
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Based on performance at this duty station during minimum volume con-
ditions it is concluded that a 99.0 cm (39 inch) high work area is inap-
propriate for a center aisle height lower than the subject's standing height.
Duty Station V (Sleeping, Eating, and Navigation)
The critical dimension in this duty station is the ceiling height. For a
minimum configuration this dimension should be at least 90% of the
subject's standing height. Under optimum volume conditions this dimen-
sion should at least equal the subject's standing height.
The minimum practical width for this duty station is 61.0 cm (24 inches).
This width provides adequate space for installation of bunks and for the _
sitting and standing room required for the two work stations.
Tasks performed at duty station llI, a 76.2 cm (30 inch) high counter
work area, were not influenced by the height of the ceiling in duty
station V.
Tasks performed at duty station IV, a 99.0 cm (30 inch) high work counter,
were degraded considerably when the ceiling of duty station V was lowered.
Based on the data, it is possible to make a preliminary determination of an accept-
able minimum interior layout and configuration for a vehicle to be used on a mis-
sion such as the one simulated. The acceptable dimensions of such a vehicle are
shown in Table 4-1. A vehicle like the one shown in Figure 4-I provides the neces-
2
sary volume. The floor area in this configuration totals approximately i. 951 m
(21 square feet), and the total volume is approximately 4.39 m 3 (155 cubic feet).
This particular configuration combines the minimum duty station volume conditions
determined during the study into a single integrated vehicle configuration. The main
departure from the simulator layout is that the sleeping provisions in the proposed
vehicle would extend either into the airlock or Duty Station I, as well as the vehiclets
midsection. In the actual simulator, the sleeping facility was provided in the mid-
section only, but there appears to be no reason this should be a limiting factor in
future internal designs.
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Figure 4-1. Integrated Work Space Layout Based
On Minimum Volumes
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APPENDIX A
PHASE I - DEFINING THE STUDY REQUIREMENTS
OBJEC TIVES
The purpose of this phase of the program was to determine the need for
further research in a number of human factor areas related to extra-terrestrial
exploration. A detailed report of this phase of the study was submitted
separately (Reference 1); consequently, the work will be treated in summary
fashion here. In accomplishing this objective the assistance of several
authorities on human factors in space technology was obtained. These indivi-
duals functioned as expert judges, rendering their opinions of the relative
need for further research and development in each of the specified human
factors areas. The resultin5 _ judgments were scaled to derive a value, on
the research need dimension, for eacl_ area. The derived scale values are
a measurement of the requirement for further research and development in
each of the areas.
The following parts of this section describe the human factors areas investi-
gated, the method which was employed to scale these areas, and the scale
values obtained.
LIST OF HUMAN FACTORS AREAS
A survey of the relevant human factors in space technology literature was
conducted to derive an inclusive list of topics relating to life support and
human performance in extra-terrestrial environments. The result of this
literature survey was the establishment of a preliminary, 40-topic list. The
topics were subsequently combined, augmented, and amplified to derive the
final topic list which follows:
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Dynamic Environmental Factors: Includes effects upon the human, and/or
protection of him against, acceleration, vibration and impact.
Comestibles: Includes -- for food and water -- determination of required
quentities and methods for accomplishing generation, storage, packag[ng_
preparation, and ingestion.
Cabin Atmosphere: Includes cabin atmospheric methods for determining
its composition and methods for monitoring/controlling breathable gas
mixtures, trace material contaminants, and cabin pressure, temperature_
and humidity.
Personal Equipment: Includes development of portable personal protective
equipment with respect to such considerations as: use inside and outside
the vehicle; affording breathable gas mixture, pressure, temperature_
humidity, and trace contaminant, control crew mobility, visibility,
radiation protection, and equipment donning and doffing.
Psychological Environment Factors: Includes behavioral reactions to
such factors as separation from earth, social isolation, confinement,
sensory reduction, sensory overload and continuous close interpersonal
contact.
Training: Includes training program content, training medias simulation
methods, training equipment, and operator proficiency evaluation.
Crew Selection: Includes establishment of personnel requirements_ and
methods for personnel selection, with respect to physiologicalvariab!es_
abilities, skills, motivations and personality factors.
Work-Rest Cycle Factors: includes effects upon the human of s_ch factors
as diurnal cycle modification, physiological fatigue, sleep deprivation and
recovery time, and accommodations for sleeping. Also includes considera --
tion of sleep duration and transition to waking.
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Emergency Provisions: Includes procedures and equipment for emergency
detection and control, mission operating capabilities when degraded by
emergencies, escape provisions, provisions for recovery of personnel,
and provisions for removal of personnel from lunar surface.
Cabin Habitability: Includes determination of tolerable levels of, and
methods for providing a habitable environment with respect to, illumina-
,tion, acoustics, c,olor, odor, and radiation.
Low Gravity Environment: Includes determination of effects of zero-g
and 1/6-g upon human motor and locomotor performance and sensory
perception.
Mission Task Requirements: Includes methods for determination and the
determination of mission tasks, human performance capabilities, and
predicted workload factors.
Monitoring and Controlling Physiological States: Includes methods and
equipment for detection, remediation, observing, and recording effects
of physiological out- of- tolerance conditions.
Personal Hygenic Factors: Includes methods and equipment for body
cleansing; biological waste collection, treatment, disposal; and bac-
teriological control.
Design of Man/Machine Interfaces: Includes allocation of functions to
human and hardware components, vehicle handling characteristics,
design of workspaces, information displays, and control mechanisms.
SCALING ME THOD
The constant-sums method was employed for scaling the human factors topics.
In this method, paired stimuli (topics) are presented to subjects and the subject
divides 100 points among the two members of each pair in such a way as to
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represent his hudgment of how the members compare on a specified dimen-
sion. Each stimulus is paired for judgment with every other stimulus.
The result of these hudgments places the stimuli at various distances from
a zero point. Then letting any one stimulus have the value of unity_ the
other stimuli can readily be scaled in proper relation (reference 2). The
resulting scale has the ratio properties of an absolute zero point, equal
intervals, and permits the meaningful manipulation of ratio relationships
among values on the scale.
PROCEDURE
The topics were submitted to the subjects in the form of a questionnaire
administered through the mail. Acovering letter was sent to each subject
describing the purpose of the study, stating that it was being conducted under
an agreement with the National Aeronautics and Space Administration_ and
requesting the subjectts cooperation. The 23 respondents occupied positions
both in private industrial corporations and in such federal agencies as:
National Aeronautics and Space Administration, Bureau of Naval Weapons_
Naval School of Aviation Medicine, Headquarters of Air Force Systems
Command, etc.
RESULTS AND CONCLUSIONS
Table A1 presents the scale values derived from the subjects _ responses.
The resultant scale values ranged from i. 00, indicating littleneed for
further research, to 1.48 indicating the heaviest need for additional research.
Crew selection and comestibles with scale values of i. 00 and i.01 respectively
were judged to possess relatively littleneed for further research and develop-
ment. Personal equipment with a scale value of 1.48 was judged to possess
the greatest need for further research and development. Mission task require-
ments was rated a close second in order of greatest research need.
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Table A1. Relative Scale Values for the 15 Human
Factors Research Areas
Relative
Human Factors Research Area Scale Value
Personal Equipment
Mission Task Requirements 1.
Eme rgenc y provi si ons 1.
Cabin Atmosphe re
Dynamic Environmental Factors
Personal Hygienic Factors
Low Gravity Environment
Cabin Habitability
Monitoring and Controlling P hysiologica 1 States
Design of Man/Machine Interfaces
Psychological Environment Factors
Training
Work-Rest Cycle Factors
Comestibles
Crew Selection
1.48
45
36
1.31
1.29
1.26
1.24
1.23
1. 19
I. 14
I. 12
1.11
1.08
1.01
1.00
In summary:
The areas judged to require the heaviest research and development
concentration were: (1) personal equipment, (2) mission task require-
ments, (3) emergency provisions, and (4) cabin atmosphere.
© The topics judged to require the smallest research and development
effort were: comestibles and crew selection.
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APPENDIX B
CREW TASK ANALYSES
A lunar exploration mission task analysis was performed to determine
representative time-line summaries of the crew tasks that would be per-
formed on a lunar exploration mission. These time-line analyses were
conducted to identify the tasks that the crew must perform, to provide a
logical sequencing of the tasks, and to identify instances of potential con-
flict in task scheduling. The listing of crew tasks was used as the basis
for determining the types of subsystem simulations required in the later
experiments. These crew tasks and their simulations are described in
detail in Section 2. The sequence of tasks, as they appear in these analyses,
was used as the basic schedule for the subjects during the simulated missions.
Upon completion of the simulation phases of the study, revised time-line
analyses were derived for the MOLAB and LEM Shelter/LSSM missions.
MISSION TIME LINES
The following subsections present the results of the revised time-line
analysis for the lunar exploration mission. Analyses are presented for
both the MOLAB and LEM Shelter/LSSM missions. These time lines incor-
porate the task schedules and task completion times empirically determined
during the simulation program. As in the preliminary time-line analysis,
the assumption is made, where practical, that the two crew members would be
simultaneously engaged in the same tasks. Also, with the exception of the
communication task, all crew tasks have been scheduled sequentially; con-
sequentty, the instances of operator overload are minimized. Figures B1
and B2 present the MOLAB mission and Figure B3 the LEM Shelter/LSSM
mission. Following each time-line is a description of the tasks and an over-
all task/time summary to permit comparison of the two mission concepts.
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MOLAB MISSION
The two time-lines for the MOLAB mission (Figures B1 and B2) illustrate
one possible first-day task schedule for entering and activating the MOLAB
and a typical 24-hour work/rest cycle to be followed for the remainder of
the mission. The sequence of tasks for both time-lines is limited primarily
by the spacing of four meals during the 16-hour work cycle and by the driving
time necessary to cover a distance of approximately 323 km (200 miles). At
an average speed of i0.5 km per hour (6.5 miles per hour) the required
driving time is 2.2 hours per day. As with all of the tasks, driving periods
are spaced throughout the day to avoid excess degradation of performance
due to fatigue.
"Time available" for scientific experimentation is identified on the time-
line chart as uncommitted time. A total of 9.83 man-hours is available for
scientific investigation and experimentation. This is the total time avail-
able for all scientific mission tasks -- both inside and outside the vehicle.
The 4.47 man-hour segment shown at midday can be used either exclusively
for inside scientific experimentation or for outside scientific activities.
If it is decided to perform outside tasks, a series of supporting tasks must
be performed. These are the tasks required for donning and doffing pressure
suits, egress/ingress, and pressure-suit and PLSS checkout. Consequently,
there is a "time penalty" that will reduce the time available for constructive
operations outside the vehicle. This time is summarized below.
Task Time
Suit and PLSS checkout 0.67
Suit don (two men) 0.67
Egress 0.08
Ingress 0.08
Suit doff (two men) 0.50
Rest 0. 17
Total 2. 17 man-hours
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Table B1 summarizes the MOLAB mission time-line. The entries in Column C
represent the total time spent by both operators on the various tasks during
each day. Column D shows the percent of each day (i. e., 48 man-hours)
allocated for each task. Estimates of operator workload appear in Column E
and weighted times in Column F. The weighted times for each task were
determined by taking the product of the entries in Columns C and E, The
total weighted time for all tasks is 37 hours, 58 minutes. By dividing this
number by 48 hours (the total time available) the nominal workload of 0.79
was obtained.
Table B1. MOLAB Task Summary
A B C D E F
Task
No.
1
2
3
4
5
6
7
9
i0
ii
12
13
14
MOLAB Task
Sleep/Rest
Total Time
Spent on
Ta sk During
24-Hour Day
16:00/:20
Percent
of
Total
Time
34.0
Estimate
Percent of
Workload
100/50
Communications
Equipment Support
Systems Checkout
Personal Hygiene
Eating/Hygiene
Suit and PLSS Checkout
Suit Don / Doff
Egress/Ingress
Monitor Outside
Operator
Navigation
Charting
Drive/Monitor
Unc ommitted Time
i:07
1;41
1;40
1:00
4:54
1:20
2:20
:20
:45
i:00
1;30
4:30
9:50
14.
3.
3,
2.
i0,
2,
4.
0,
I.
2_
3,
9.
20.
8 10
5 50
5 50
1 50
0 50
8 50
9 80
7 10
6 50
1 80
1 80
4 80
0 80
Weighted
Time
16:00/: i0
:43
:50
:50
:30
2:27
:40
1:52
:02
:23
:48
1:12
3:36
7:55
Nominal Workload = 0.79
12504-ITR- 1
- B6-
MOLAB TASK DESCRIPTIONS
i. Sleep Rest
The operator's are each scheduled for eight uninterrupted hours of sleep during
the 24-hour cycle. Both operators sleep during the same period. In addition,
a 10-minute rest period is scheduled each time an operator doffs his pressure
suit following an outside task. Sieeping is considered a 100 percent operator
workload task since no other activities can be scheduled in this period. During
the rest period following outside activity on the lunar surface, performance of
low-level tasks, such as communication, is possible.
2. Communication
Based on experience in the Mercury and Gemini programs, it is assumed that
the communication links will be exercised very frequently. The communica-
tion task simulates use of all available communication links, Apollo Command
Module, LEM intercom, Deep Space Instrumentation Facility (DSIF), etc.
Since communication is a low-workload task, it is possible to schedule the
communication task concurrently with certain other tasks.
Durin._ the outside activities the outside operator must have uninterrupted
com_nunication with the inside operator for fast initiation of rescue in case
of suit malfunction or operator disablement.
3. Equipment Support
This tas!:: involves those activities required for vehicle system setup and
maintenance. Preceding the 8-hour sieep period, exterior equipment support
is !:erformed on the vehicle exterior, thus necessitating pressure suit opera-
tions. Tasks include removal of dust and soil from the vehicle exterior,
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radiators, reflectors, and windows. There is a 10-minute period preceding
and an 8-minute period following the 8-hour sleep period for preparing the
bunks.
Prior to the third meal the crew is allotted about 15 minutes for maintenance
activities in repairing minor subsystem malfunctions. This may, for example,
involve removing suspected defective electronic cards from equipment and
replacing them with new cards. Any major failure of a critical subsystem
would require immediate unscheduled maintenance in place of tasks shown
in the mission time line.
It is assumed that the crew will not attempt any major maintenance of non-
critical subsystems because of lack of replacement parts, suitable tools,
adequate working conditions and time.
4. Subsystem Checkout
This task includes all activities required to check out each subsystem. Every
subsystem with the exception of the locomotion system will be checked out
shortly after the 8-hour sleep period to determine the vehicle's condition for
the following 16-hour work period. The locomotion system is checked out
during the first and last outside tasks. The environmental control system,
the power source, emergency monitoring and warning system, closed-circuit
television system, and communication system are checked out before and
after the 8-hour sleep period. The vehicle-heading reference system and
waste-disposal system are checked out following the first eating task. On
the first day of the mission, the crew checks out the environmental control
and power systems before doffing their pressurized suits.
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5. Personal Hygiene
This task includes all those activities required for the collection and disposal
of body waste, for bathing, for shaving, etc. Two 15-minute intervals, the
first near the beginning and the second near the end of the 16-hour work
period, have been scheduled concurrently for both crew members.
6. Eating/Hygiene
The 33-minute eating task includes all those activities required for the prepara-
tion of food, for eating, and for cleaning up. An additional 5 minutes for
hygiene has been added in the second, third, and fourth eating tasks for the
collection and disposal of body waste, for washing and for oral hygiene.
During the first meal task each day, time for hygiene was omitted because
of the preceding 15-minute personal hygiene task. Four multi-meal eating
tasks are scheduled during the 16-hour work period.
7. Pressure Suit and PLSS Checkout
This task involves those activities required for the maintenance of the PLSS
and pressure suit. Each operator will alternate using two suits and two
PLSS. The PLSS_s are checked out and recharged immediately after each
period of use. The suits are vented to remove moisture before their checkout.
Filling the PLSS_s and venting the suits immediately after use helps to main-
tain the equipment at a high state of readiness for use if an emergency should
arise. Suit checkout is performed prior to suit donning by the operator who
is to leave the vehicle. It requires I0 minutes to check out the PLSSWs and
30 minutes to check out the suit.
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8. Suit Donning and Doffing
The suit donning task requires 20 minutes. The task includes all of the
activities required for both operators to get into their pressure suits and
one operator to pressurize his suit. Fifteen minutes are required for one
operator to depressurize his suit and for both operators to doff their suits.
As a safety precaution, the inside operator wears his suit in the vented
condition during the time the outside operator egresses, performs outside
activities, and ingresses. By wearing the vented suit, the inside operator
is immediately ready to pressurize his suit and aid the outside operator in
an emergency.
9. Egress/Ingress
The egress task includes all those activities required by the operator to
pump down the a irlock and leave the vehicle. The ingress task includes
all activities required by the operator to enter and return the airlock to
normal pressure. It was assumed that the airlock pump-down cycles each
require 5 minutes.
i0. Monitoring Outside Operations
This task, performed by the inside operator, includes monitoring the out-
side operator and all of the telemetry equipment reporting his condition.
With the inside operator visually monitoring the outside operator through a
window and/or via closed-circuit TV, the outside operatorls location and
condition is known at all times. This will permit the inside operator to
quickly aid an outside disabled operator assuming that he stays within the
inside operator's viewing range.
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1 i. Navigation
This task includes all of those activities required of the crew to determine
their position on the lunar surface and to select appropriate courses.
Alignment of the vehicle-heading reference system is required prior to
each driving period. The position-determination function will be accomplished
by means of celestial sightings, triangulation with reference to known land-
marks or an omni-directional signal from LEM. Navigational fixes will be
made at the conclusion of each driving period.
It is assumed that the operator's line-of-sight from the vehicle will be approxi-
mately 3 meters above the lunar surface. This places the horizon about
3.2 kilometers away from the vehicle. Using a periscope to provide an addi-
tional 3 meters of viewing elevation would place the horizon almost 4.8 kilo-
meters away from the vehicle. This would permit sighting the same land-
marks before and after the driving periods and would allow continuity of
navigation.
12. Charting
The charts and maps provided by prelanding photography will be annotated
and updated during the mission. After each outside activity, it will be neces-
sary to specify position coordinates of the area investigated, places from
which surface samples were obtained, and to add selenological descriptions
on the charts. Then, prior to each driving period, the next travel segment
will be planned and charted. Six 10-minute periods per 16-hour work day
are provided to notate the charts. At the end of each 16-hourwork period,
30 minutes are allowed to review the charts of the past work periods.
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13. Driving/Monitoring
The driving task includes all those activities required for controlling the
velocity and direction of the vehicle. Three 45-minute driving periods are
scheduled during the 16-hour work day. This allows for completion of a
322 kilometer trip in 14 days with an average speed of 10.5 kmph. Each
45-minute driving period allows the vehicle to travel approximately 8 kilo-
meters.
The monitoring task includes all of those activities required for monitoring
vehicle subsystem performance during the driving task. It also includes
monitoring the vehicle's velocity and direction as selected by the driver.
Heading, power consumed, distance traveled, speed, environmental condi-
tions, and vehicle condition are among the variables which must be monitored.
Driving the vehicle and monitoring are assumed to be high-workload tasks for
both operators.
LEM SHELTER/LSSM MISSION
The time-line chart for this mission (Figure B3) presents a typical 24-hour
work/rest cycle. The spacing of four meals during the 16-hour work period
leaves three blocks of time to be used for scientific work. The blocks of
time available for scientific tasks have been scheduled alternately between
inside and outside activities, thereby providing specific periods for analysis,
sorting, and recording of scientific data after each lunar traverse.
Two typical consecutive days (without details) are as follows:
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First Typical Day
i. Sleep
2. Eating/hygiene
3. Outside scientific activities
4. Eating/hygiene
5. Inside scientific tasks
6. Eating/hygiene
7. Outside scientific activities
8. Eating/hygiene
9. Sleep
Second Typical Day
I. Sleep
2. Eating/hygiene
3. Inside scientific tasks
4. Eating/hygiene
5. Outside scientific activities
6. Eating/hygiene
7. Inside scientific tasks
8. Eating/hygiene
9. Sleep
Subsequent mission days may repeat these two typical days in alternation. The
time-line chart describes the schedule of the first typical day in detail.
The time-line chart shows the first combination of driving/monitoring and
outside scientific tasks lasting three hours and the second combination lasting
two hours. The driving and outside scientific tasks for this mission offer a
highly desirable feature not present in the MOLAB mission. That is, any
time that the operator spends driving the LSSM can also be considered time
available for outside scientific tasks. This results because the LSSM, being
a small open vehice, will readily permit the operator to observe the lunar
surface, stop and obtain samples, make instrument readings or emplace-
ments, etc. This is not possible in the MOLAB. Iks a result, although the
driving and outside scientific tasks are plotted separately on the LEM Shelter/
LSSM time-line, any time spent in driving will be considered as available
for scientific tasks.
If it is possible for the operators to wear their vented suits continuously
while they are working in the shelter, more time would be available for
scientific activities. This procedure would eliminate all but one suit checkout
and would reduce the time necessary to get ready for outside activities to about
5 minutes. The operators would don their suits after awakening and would not
remove them again until just before the sleep period at the end of the day.
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However, wearing the suit during the entire 16-hour work period may cause
excessive suit wear and operator fatigue. If this procedure were followed,
an additional i. 8 man-hours would be available for scientific work on the
first typical day. No gain in man-hours on the second typical day would
result because only one suit don and one suit doff occur.
Table B2 summarizes the LEM Shelter/LSSM mission in the same manner
Table B1 did for the MOLAB mission. Two comparisons can be made of
these two missions. First, in terms of the nominal workload, both missions
appear to be about equal with an estimated 0.79 workload factor each. How-
ever, in terms of uncommitted time (i. e., time that can be made available
for scientific tasks), the MOLAB mission provides 9 hours and 50 minutes.
The LEM Shelter/LSSM mission provides an estimated 16 hours and 14
minutes for scientific task time. If a total of five hours of this time is
devoted exclusively to driving, Ii hours and 14 minutes remain available
for scientific tasks. Thus the LEM Shelter/LSSM appears to offer more
time for scientific tasks than the MOLAB mission.
LEM SHELTER/LSSM TASK DESCRIPTIONS
A. Shelter Activities
AI. Sleep/Rest - The operators have eight concurrent, uninterrupted hours
of sleep during the 24-hour cycle, and two concurrent 10-minute rest periods
are scheduled for each operator subsequent to doffing pressure suits. It is
assumed that no other activities may be scheduled during the sleep period.
During the rest period following outside activity on the lunar surface, per-
formance of low-level tasks, such as communication, is possible. It is
assumed that 8 hours of sleep and two 10-minute rest periods will permit
the crew to perform at maximum efficiency during the 16-hour work period.
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Table B2. LEM Shelter/LSSM Task Summaries
A
Task
No.
A
1
2
3
4
5
6
7
8
9
i0
11
12
B
1
2
3
4
5
6
C
B
Fixed Base Shelter
Shelter Activities
Sleep/
Rest
Communications
Equipment Support
System Checkout
Personal Hygiene
Eating Hygiene
Pressure Suit and
PLSS Checkout
Suit Don/Suit Doff
Egress/Ingress
Navigation
Charting
Inside Scientific
Tasks
Vehicle Activities
Equipment Support
Systems Checkout
Load/Unloa d
Navigation
C omm unic a ti on s
Driving/Monitor
Outside Scientific
Tasks
C
Total Time
Spent on
Task During
24- Hour Day
16:00
:40
5;30
1:16
:15
1:00
4:54
2:40
2:20
:40
:15
:15
6:05
:30
:10
:62
:20
4:36
10:08
D
Percent
of
Total
Time
33.
i.
ii.
2.
O.
2.
i0.
5.
o
i.
O.
O.
i0.
3
4
4
6
5
1
2
5
9
4
5
5
6
1.0
0.3
2.1
0.7
9.6
21.1
E
Estimate
Pe rc ent of
Workload
I00%
5O%
10%
5O%
5O%
5O%
5O%
5O%
80%
10%
8O%
8O%
8O%
50%
5O%
5O%
8O%
10%
8O%
F
Weighted
Time
16:00
:20
:33
:38
:08
:30
2:27
1:20
1:52
:04
:12
:12
4:04
:15
:05
:31
:16
:28
8;06
Nominal Workload = 0. 79
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A2. Communications - Based on the experience in the Mercury and Gemini
programs, it is assumed that the communication links will be exercised
frequently. This task reflects communication on all available links, the
Apollo Command Module, LEM intercom, DSIF, etc. It is a low-workload
task, and it is therefore possible to schedule the communication task con-
currently with certain other tasks.
A3. Equipment Support - This task involves those activities required for
shelter maintenance. Preceding and following the 8-hour sleep period, equip-
ment support is performed while using a pressure suit. This task includes
removal of dust and soil from the shelter exterior, radiators, reflectors and
windows. Eight minutes preceding and 10 minutes following the 8-hour sleep
period are used to prepare the bunks.
An operator has two 5-minute periods to repair any subsystem not functioning
properly. This may involve removing suspected defective electronic cards
from equipment and replacing them with functional cards. Any major system
failure would require immediate unscheduled maintenance. It is assumed that
the crew will not attempt any major maintenance because of lack of replace-
ment parts, suitable tools, adequate working conditions and time.
A4. Systems Checkout - This task includes all activities required to check
out each system and subsystem. Every system will be checked out shortly
after the 8-hour sleep period to determine the shelterls condition for the 16-
hour work period. The environmental control system, the main power source,
redundant power source_ emergency alarm system., and communication sys-
tem are checked out before and after the 8-hour sleep period. The closed-
circuit television system and waste disposal system are checked out following
the 8-hour rest period.
On the first day of the mission the crew checks out the environmental control
and power systems before they doff their pressurized suit.
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A5. Personal Hygiene (same as MOLAB) - This task includes all those
activities required for the collection and disposal of body waste, bathing,
shaving, etc. Two 15-minute intervals, the first near the beginning and
the second near the end of the 16-hour work period, have been scheduled
concurrently for both crew members.
A6. Eating Hygiene (same as MOLAB) - The 33-minute eating task includes
all those activities required for the preparation of food, eating, and cleaning
up. An additional 5 minutes for hygiene has been added in the second, third,
and fourth eating tasks for the collection and disposal of body waste, washing,
and oral hygiene. During the first meal task, hygiene was omitted because
of the preceding 15-minute hygiene task. Four eating tasks occur during the
16-hour work period.
A7. Pressure Suit and PLSS Checkout - This task involves those activities
required for the maintenance of the PLSS and pressure suit. Each operator
will alternate using two suits and two PLSS. The PLSS's are checked out
and recharged immediately after each period of use. The suits are vented
to remove moisture before their checkout. Filling the PLSS's and venting
the suit immediately after use keeps the equipment at a high state of readi-
ness if an emergency should arise. It requires 10 minutes to check out the
PLSS's and 30 minutes to check out the suits.
A8. Suit Don/Suit Doff - The suit don task, lasting 20 minutes, includes all
the activities required to get both operators into their pressure suits and
pressurized. It takes 15 minutes for the operators to depressurize and doff
their suits.
A9. Egress/Ingress - The egress task includes all those activities required
by both operators to evacuate and leave the airlock. The egress task includes
all those activities required by both operators to enter and return the airlock
to simulator pressure. It was assumed that the pump-down and pump-up cycles
each required five minutes. The airlock is large enough to contain both
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operators, permitting one pump-down and pump-up cycle per egress and
ingress. This conserves time by getting both operators inside/outside
simultaneously.
AI0. Navigation - This task includes all those activities required of the
crew to determine their initial position on the lunar surface and to select
appropriate heading for the LSSM. One 15-minute navigation task in each
16-hour work period provide headings for the LSSM missions during that
work period. Headings may be determined by means of celestial sightings
and/or triangulation with reference to known landmarks.
All. Charting - The 15-minute charting task per 16- hour work period
includes all of those activities required to determine the desired areas for
outside scientific activities. The charting information recorded during the
outside scientific activities which specifies position coordinates of the area
investigated, places from which samples were obtained, and selenological
descriptions is charted during inside scientific tasks.
AI2. Inside Scientific Tasks - As required by specific mission.
B. Vehicle Activities
BI. Equipment Support - This 15-minute task prior to driving includes acti-
vities required to maintain the LSSM vehicle. It is assumed those activities
will include routine maintenance on the power source, redundant power
source, heading-reference and mobility systems. Also during this period,
dust and soil will be removed from critical areas on the vehicle.
It is assumed that the crew will not attempt major maintenance on the LSSM
because of lack of replacement parts, suitable tools, adequate working condi-
tions, and time.
12504-ITR- 1
- BI9 -
B2. Systems Checkout - This 5-minute task prior to driving involves all
activities required to check out the various LSSM subsystems. This
includes power sources, heading-reference, and mobility systems.
B3. Load/Unload - This task involves all those activities required to load
and unload the LSSM vehicle with scientific instruments, recording instru-
ments, spare PLSSls, and lunar samples recovered during outside scientific
tasks. It is assumed that task will require about 15 man-minutes prior to
and after each driving task.
B4. Navigation - This 10-minute task prior to each driving task involves
all activities required to align the heading reference system on the LSSM
vehicle. It is assumed that gyros and/or an omnidirectional signal will be
used in this system.
B5. Communications - During the period of outside activity, the communica-
tion links from operator to operator and operators to fixed-base shelter,
LEM, etc., will be used frequently to ensure a safe, efficient mission.
This is a low-workload task, and it is therefore possible to schedule the
communication task concurrently with other tasks.
B6. Driving/Monitoring - The driving task includes all those activities
required to control the velocity and direction of the LSSM. The time-line
chart shows a unique feature of this mission concept in that the outside
scientific activities are closely interrelated with the driving task. In this
sense, nearly all driving time can also be considered as time available for
scientific tasks. Inasmuch as the operators have ready access to the lunar
surface while driving the LSSM, they can vary the number of stops, the
duration of these stops can be very short, and the distance traveled can vary
without the associated task-time penalties that would be incurred under the
MOLAB concept. This may be accomplished without disrupting the 16-hour
work period, providing the mission maintains its predetermined length.
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The monitoring task includes all those activities required for monitoring
vehicle systems and subsystem performance during the driving task. It
also includes monitoring the vehicle velocity and direction as selected
by the driver. Heading, power consumed, distance traveled, speed, and
vehicle condition are typical parameters which must be monitored.
Both driving and monitoring are assumed to be high-workload tasks.
C. Outside Scientific Tasks
These tasks are as required by specific mission.
12504-ITR- 1
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APPENDIX C
SLEEP PROVISIONS STUDY
INTRODUCTION AND SPECIFIC AIMS
There is little agreement as to what constitutes a proper amount of sleep
(reference 1). Numerous studies indicate that different individualOs require-
ments may vary greatly in terms of the duration of sleep. It is usually
maintained that it is the quality of the sleep, rather than simply the duration
of the sleep, that is important. There is, however, "... no agreement on
what constitutes good quality of sleep (reference 1). " Thus, although experts
cannot agree on what constitutes a "good sleep", they do agree that both
quantitative and qualitative factors are quite important.
Unfortunately, neither the verbal reports of subjects nor the visual observa-
tion of subjects provides us with accurate measures of the ngoodness of sleep _.
Subjects can, for example, sleep with their eyes open or be awake but motion-
less with their eyes closed (reference 2}. Subjective reports of the ease of
going to sleep, the duration of sleep, the incidence of dreaming, and mobility
are frequently quite unreliable. To date, measures of human central nervous
system bioelectric activity provide us with the most reliable and objective
measures of the quantitative and qualitative dimensions of sleep. The
objectivity of this human central nervous system measurement has been
advanced in recent years with the application of modern electronic data
processing techniques tothese data. Specifically, the _summation technique _
has been utilized to provide a highly sensitive measure of sleep-wakefulness
behavior. In the present study, this technique has been used to allow us to
make a preliminary evaluation of manls ability to sleep while wearing a
pressure suit.
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THE SUMMATION TECHNIQUE
Various techniques have been developed for data analysis and/or the improve-
ment of signal-to-noise conditions with reference to electrophysiological data.
The summation or averaging techniques first reported by Dawson (reference 3),
represents a direct attack on such problems when an attempt is made to record
evoked brain potentials from man. This technique permits the extraction of
small amplitude brain signals from on-going spontaneous bioelectric activity.
These signals are so small that they usually cannot be seen in conventional
recordings. For the usual application of the summation technique, subjects
are presented with a repetitive sensory stimulus, such as a flashing light or
an auditory click, and scalp-electrode electroencephalographic records are
cummulated using the stimulus marker as a trigger for the summation system.
Potentials which are synchronous with the repetitive sensory stimulation
rapidly cummulate, while non- synchronous Wbiological noise _ present in
the recording tends to cancel; thus, the evoked response can be detected in
the presence of what amounts to an adverse signal-to-noise ratio.
Numerous investigators have now independently demonstrated that evoked
potentials to sensory stimuli can be detected, using the summation technique,
from electrodes pasted to the scalp of intact normal human subjects (refer-
ences 4 and 5). Experimental evidence indicates that the evoked potentials
detected on the scalp in this manner are similar in latency and frequency to
epidural evoked responses (reference 6). A recent research report indicates
that the evoked brain response (EBR) waveform detected using the summation
technique is highly correlated with the probability of firing of a single cortical
cell (reference 7). Thus, the potentials detected with scalp electrodes using
the summation technique appear to be the result of central nervous system
activity and can be properly referred to as evoked brain potentials.
The power of the summation technique when used to detect human evoked
brain responses is perhaps most evident if one examines the diversity of
problem areas to which this tool has been successfully applied. Evoked
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brain responses detected using the summation technique have been experi-
mentally related to vigilance performance (reference 8 and 9)_ personality
factors (references i0 and ii), sleep_wakefulness behavior (references 12,
13, and 14), physical exervice (reference 15), brain lesions (reference 16),
effects of central anesthesia (reference 17), and sensory degeneration (refer-
ence 18). The sensitivity of the technique is perhaps best indicated by the
repeated finding that human evoked brain responses can be detected over
the entire range of stimulus intensities which will elicit a sensation (refer-
ences 5 and 19).
' RELEVANT DEVELOPMENTS
As we have noted in the previous subsection, variations in the human evoked
brain response have been related to sleep-wakefulness behavior. A number
of studies (references 12_ 13, and 14) have shown that the evoked brain
response to auditory clicks varies with depth of sleep. In these studies,
changes in the amplitude of the response evoked by a constant intensity auditory
click stimulus have been related to independently determined estimates of
depth of sleep as indicated by conventional electroencephalographic traces.
Figure C1 provides us with both the results of one of these studies (refer-
ence 12) as well as a model whereby the results of the present study may be
evaluated. As can be seen in Figure CI_ the waveforms obtained from a
subject while awake (AWAKE) are relatively different than those obtained
with a moderate level of sleep (STAGE 2) and with a very deep level of sleep
(STAGE 4).
A recently completed Air Force sponsored study conducted at Honeywell
(reference 20) involved continuous behavioral and physiological monitoring of
22 men over a period of 48 hours. Electrophysiological measures systema-
tically collected during the course of these sessions included the evoked brain
response to auditory stimulation, heart rate, and skin temperature. The
results of this study clearly indicate that the evoked brain response to
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AWAKE
STAGE I
STAGE3
STAGE4
STAGE I
REM
Figure C-1. Waveforms Related to Sleep-Wakefulness Behavior
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auditory clicks is a reliable indicant of sleep-wakefulness behavior which
can be easily recorded from a wide range of subjects in an operational
environment. The data bank, techniques, and general experience gained
as the result of these studies has been utilized in the design and analysis
of the present study.
METHOD
Four experimental treatments were used in the present study:
a) Subject sleeps in a flat bed wearing helmet, deflated pressure
suit, but no gloves or shoes.
b) Subject sleeps in a bed with the head end of the bed elevated about
45 ° wearing helmet, deflated pressure suit, but no gloves or shoes.
c) Subject sleeps in a flat bed wearing only helmet and underwear*.
A blanket is supplied for warmth.
d) Subject sleeps in a bed with the head end of the bed elevated about
45 ° wearing only helmet and underwear*. A blanket is supplied
for warmth.
Two subjects were used (designated Subject 1 and Subject 3) with both subjects
being administered all four experimental treatments on four consecutive nights.
The order in which the treatments were administered was varied as follows:
Subject 3: (c), (a), (b), and (d)
Subject 1: (d), (b), (a), and (c)
* The helmet was worn in this treatment to assure that the auditory stimuli
delivered to the subjects were identical across all treatments.
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Order was varied in this manner to provide a crude indicant of any cummula-
rive effects which might occur across treatments.
q
All variables other than those noted above were held constant for all treat-
ments. On each night, subjects reported to the laboratory at 9:30 pm and
standard scalp electrodes were applied to positions C and O 1 as designatedz
by the International Electrode Method. Each treatment was administered
for an eight-hour period starting at 10:45 pm ± 15 minutes. During all ses-
sions a constant one per second auditory click was presented to the subject
via helmet earphones for the entire eight-hour period. An evoked brain
brain response (EBR) was collected every 15 minutes during these eight-hour
periods. Thus, a total of 32 EBRs were obtained from each subject under
each experimental treatment. The stimulus for each of these samples was a
one millisecond duration click of about 55 db. Each EBRcollected was the
average response to 200 clicks. On-line X-Y plots of these N=200 EBRs were
obtained. In addition, portions of the data were recorded on FM magnetic tape
for off-line analysis.
RES ULTS
In Figure C2 an evoked brain response obtained using the helmet earphones
is reproduced. This X-Y plot indicates that the response obtained with the
standard earphones is quite similar to those shown in Figure CI. The main
features of the EBRwaveform are present in both figures° The prominent
components, identified in previously published papers as PI' NI' P2' and
N 2 (reference 12)_ are identified in Figure C2. Comparison of the waveform
presented in Figure C2 with those presented in Figure C 1 indicates that the
waveform in Figure C2 was obtained from a subject in a state of fairly deep
sleep.
The on-line X-Y plots of the sort shown in Figure C2 were independently
judged on a sleep - no sleep basis, and estimates of the percent time asleep
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EVOKED BRAIN RESPONSE (EBR)
OBTAINED USING HELMET EARPHONES
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/
÷
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t
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SUBJECT ,3 ONE CLICK PER SECOND
Figure C-2. Evoked Brain Response (EBR) Obtained U_ng
Helmet Earphones
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per eight-hour period were obtained from this data. The results of this
quantitative data analysis are shown in Table CI.
Table CI. Percent EBRs Indicative of Sleep
Treatment
Subject (a) (b) (c) (d) Overall
3 62.5 75.0 81.2 7 i. 9 72.7
1 78. 1 75.0 75.0 59.4 71.9
A non-parametric statistieal analysis of this quantitative EBR sleep - no
sleep data was made using the Cochran Q test for related samples (refer-
ence 21). The observed value of Q for subject 1 was 3.00 and for subject 3
was 3.77, with d.f. = 3 in both cases, Since these values of Q are signifi-
cant at only the 0.5 levei, the nui1 hypothesis cannot be rejected on the basis
of this data,
Figure C3 provides us with a more qualitative analysis of the sleep of sub-
ject 3. In this case we have completed an off-line analysis of our data which
involves calculation of an average EBR for the entire first 2.5 hours of each
session. This form of analysis provides us with information as to the
average level of sleep of the subject during the first 2.5 hours in bed.
Visual examination of this figure indicates that this subject was in approxi-
mately the same average level of sleep under all four treatments, for the
first 2. 5 hours of sleep. All four waveforms indieate fairly deep sleep.
The sensitivity of thi._ qualitative form of a_alysis of average depth of sleep
is shown in Figure C4. The average EBR for the entire first 2.5 hours of
two of the subject's sessions is presented. This difference corresponds with
the subject's reported inability to sleep due to a poor fitting helmet. The
helmet was changed for the session from which the lower trace was obtained.
Subsequent experimental sessions with the new helmet yieided data more
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FIRST 2.5 HOURS IN BED
HELMET ONLY, BED FLAT
HELMET & SUIT, BED FLAT
HELMET & SUIT, BED ELEVATED
one second
N=9000
HELMET ONLY, BED ELEVATED
I5 microvolts
SUBJECT
Figure C-3. Waveforms of Subject 1
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HELMET & SUIT, BED FLAT
HELMET & SUIT, BED ELEVATED
! I
one second 5 microvolts
N=9000 SUBJECT 3
Figure C-4. Waveforms of Subject.3
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similar to the lower tracing (post helmet change) than the upper one (pre-
helmet change). Comparison of data from subject 3 presented in Figure C4
with data from subject 1 presented in Figure C3 also suggests that subject 3
slept deeper on the average than subject i.
DISC USSION
The data collected clearly indicates that the subjects tested were able to sleep
under all of the experimental treatments. Quantitative analysis of the responses
obtained indicates that the subjects slept the majority of the time under all
conditions. Initial efforts at a determination of the quality of the sleep under
the various experimental conditions suggests that differences due to ill-
fitting pressure suits is greater than possible differences due to the specific
experimental conditions used. Thus, the data collected appear to indicate
that there were no significant quantitative or qualitative differences in sleep
behavior obtained under the various experimental conditions studied. How
"good" this sleep was with respect to the normal sleep behavior of the subjects
cannot be clearly determined on the basis of the data collected. Future pro-
grams should include more extensive studies in which sufficient base line
data without helmet or suit are collected from each individual so that the
normal sleep behavior of the subject can be identified. This information
would allow one to make more accurate statements as to the long-term
Igoodness of sleep I under pressure suit conditions. In addition, it is
recommended that a more detailed analysis of the qualitative aspects of
this sleep behavior might allow one to detect possible deficiencies of a
selective nature. Studies have shown that deprivation of various levels of
sleep for a period of time will significantly modify future sleep-wakefulness
behavior (reference 22). The long term effect of such deprivation has not as
yet been examined and may be of considerable relevance to long-term space
travel.
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The results of the present study also suggest that problems with regard to
suit and helmet fit may not become evident until the subject attempts to
sleep in his suit. Verbal reports by the subjects concerning such problems
can be verified by an analysis of the electrophysiological sleep data.
There is some evidence that sleeping conditions which reduce the motility of
sleepers may result in stiffness in the musculature and perhaps even
temporary paralysis (reference i). Subjective reports by our subjects
repeatedly indicated that both the pressure suit and the elevated bed condi-
tions resulted in a significant reduction in sleep motility. Only minor dis-
comfort as a result of this immotility was reported. Additional studies are
warranted, however, in which the movement of the subjects would be
objectively recorded and measured to verify these subjective reports.
Should a decrement in sleep motility be observed in these studies, further
studies should be conducted to determine any possible long term effects of this
decrement and to identify sleep conditions which will maintain adequate
motility levels in an aerospace environment.
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APPENDIX D
INF RARE D MONIT ORING
The material presented in this appendix summarizes the present status of the
Honeywell program supporting the development of infrared monitoring tech-
niques for biomedical monitoring purposes. This program, although support-
ing the subject contract, is being carried on at no cost to NASA.
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BIOMEDICAL MONITORING TECHNIQUES BY
INFRARED MONITORING TECHNIQUES
The primary purpose of infrared devices is to permit accurate surface tem-
perature measurement from a remote location. These devices can be focused
to select a small body area which is known to react in a predictable way fol-
lowing specific stimuli administered to the person being monitored.
Various methods for using infrared sensing are available. A spot can be
chosen for monitoring and continual recording made of its temperature
variation, or a whole area such as the face can be scanned and photographs
made of the resulting image. Both methods have been under development at
Honeywell.
In addition, infrared devices of various sensitivities have been developed by
Honeywell to do the monitoring. The more sensitive the device, the greater
the recorded temperature deviation will be for small skin temperature changes.
However, greater sensitivity means a more sophisticated machine involving a
cryogenically cooled sensing head and considerable associated equipment.
A less sensitive machine is small and portable and seems to have sufficient
sensitivity for biological monitoring.
The possibility of applying this technique to monitoring subject physiological
state during the lunar surface simulations has been investigated. An indication
of what is possible with the use of an infrared scanning technique is illustrated
in Figure DI. This figure is a representation of what a human face would look
like if seen with eyes which were sensitive only to electromagnetic wavelengths
frnm four to six microns a_id which relied only upon the thermal energy due to
body heat. A thermal difference as small as 0.2°C spread over a facial area
of 1/32 by 1/32 inch is resolved. To achieve this resolution, the subject was
placed three feet in front of the optical aperture of a scanning device and had
to remain motionless for 2.5 seconds.
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In applying this technique to an operational situation, several modifications
need consideration. First, the frame time must be decreased so that the
subject need not remain motionless. Itwas deemed that a coarsening of
the image granularity by a factor of four would not degrade the main features
of the thermal gradations. A frame time of one-tenth second is considered
consistent with voluntary body motion.
However, this solution yields a permissible scan area which is less than
the total area of the face (0. 12 of that area), therefore some means must
be found to keep a selected area of the face at least approximately within
the field of view of the scanning device. Retention of the scanned facial
area with the field of view must be accomplished even though the face is
undergoing normal movement. Further experimentation is needed to
determine the optimum parameters of IR resolution, frame speed, delta
temperature threshold and facial area.
GENERAL DESCRIPTION OF THE HONEYWELL INFRARED SCANNER
Five years of intensive investigation in infrared optics and electronics
technology have permitted the development of an infrared imaging instru-
ment by Honeywell.
This device looks at objects by their own infrared radiation. As long as
an object differs in temperature from its surroundings, it may in general
be distinguished from them without the presence of visible light. This
device consists primarily of two units.
The first unit, which may be termed the scanning unit, consists of an
oscillating optical system which describes, by means of a nodding mirror
and a hexagonal rotating mirror, a series of lines across the viewed area.
These resemble the raster which is seen on a television tube. Viewing an
object in this way, an indium antimonide sensor is allowed briefly to observe
the temperature at each point on the object.
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In the second, or viewing unit, a beam on an oscilloscope tube traces a
similar pattern. This beam draws the raster synchronously with the
viewing of the object by the sensor. The intensity of the spot which the
beam places on the tube varies in accordance with the temperature at
the corresponding spot on the object being viewed. The net result of this
is the drawing of an "infrared image"
There have for several years been other devices on the market which could
perform this function. However, by means of cooled indium antimonide
sensing and by means of the fast optical system employed, using carefully
selected refracting optics for focusing, it is possible to draw this picture
in a shorter period of time than by any other present method.
The object may be viewed by the operator on an oscilloscope screen, the
complete picture being drawn in four seconds. A high persistence cathode
ray tube permits the viewer to see the complete picture. A polaroid
camera may be used to photograph the image. Thus, a permanent record
of the infrared image may be made in a few seconds.
The device may be used where the image required is roughly 6 inches by
6 inches or larger and where it is possible to train the instrument on the
subject while it is in operation. In the present design, the limitation on
size is the only one. Temperature-wise, it can detect temperatures
below, at, or above room temperature. The only requirement is that
significant differences of temperatures from black to white in the image
generated may be as little as about 10 degrees or as much as about 250
degrees. The level of temperature at which the image is black or shnw_
no pattern may be adjusted over the nominal range from -50 to +250.
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INFRARED DETECTION OF SKIN
The following paragraphs briefly consider factors involved in temperature
changes of skin.
External Factors -- In measuring facial heat loss or more simply skin
temperature, an important factor is the effective temperature (ET) of
the air surrounding the skin. The ET is a composite of the heat and water
content of the air which determines the transfer of the heat between air and
body. The comfortable zone ranges from 66-77 ET. As examples, 66 ET
is equivalent to 71F and 40% humidity or 69F and 65% humidity, while 77 ET
is equivalent to 86F and 50% humidity or 81F and 75% humidity (Sheard,
1947). Cheek temperature at 64 ET is about 94F while at 75 ET it was 96F or
a rise of one ET of the air produces a skin temperature change of 0.27F
(McConnell and Yagloglu, 1924). This relationship is linear over a 10-degree
range. This relationship has been expressed by Phelps and Vold:
T S = 33.7+ 0. 15 (F 74) + 0. 1 (H 36)
or a skin temperature (Ts) above 33.7C is affected by air temperature (T)
above 74F at a rate of 0. 15C/degree F or at a rate of 0.27C for each degree
C. It can also be seen that the effect of humidity (0. 1 (H-36)) is much
smaller than might be anticipated.
In addition to environmental air temperature and humidity, the rate of skin
heat loss is affected by air movement. Air velocities under 0.2 meter/sec
(Liese, 1930) are without effect on the temperature of the forehead. An
air velocity of 0.5 m/sec cooled the face 2 ° C and at 1.0 m/sec, 2.6 ° C.
Internal Factors -- The following are also considerations:
Physical-- The physical characteristic of the skin of particular con-
cern in radiometric measurements is its physiological blackness. The
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body emits infrared radiation at 5 to 20_ with a maximum at 9_. This
corresponds to the radiation of a black body at 300K. Human skin is
similar to black body radiation and can be treated as such.
Over the range of i-7_ white skin emittance exceeds Negro skin by
only 2-3%, thus black and white skins are thermal equivalents (Sheard,
1947) and skin colors between black and white probably do not vary
greatly in emittance.
The Stephan-Boltzman law for radiation from a black body can be con-
veniently applied to radiation from skin:
4 4)Q = A K (T S - T e
where Q is the radiation emitted incal/sec/cm 2, Kis a constant equal
to 1.37 x I0-ii cal/sec cm 2, T S and T e are the absolute temperatures
of the skin and environment respectively. This relationship holds for
skin over the environmental temperature range of 18-30C (64.4 - 86F).
At more extreme temperatures the law does not hold exactly due to
exaggerated physiological efforts of the skin to regulate body tempera-
ture. Typical amounts of radiation from different portions of the body
are shown to demonstrate the relative heat loss.
10 -9 cal/sec/cm 2
Brow 1. 18
Face 1.02
Chest 0.84
Foot (back) 0.41
Hand (back) 0.26
Physiological -- No attempt will be made to cover in detail the many
physiological mechanisms involved in the regulation of skin tempera-
ture. However, enough information should be discussed to demonstrate
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the types of control, their sensitivity, and lability. In general, the
skin temperature is controlled by both local and peripheral factors.
The skin is the tissue which acts as a buffer between the environment
and the internal homeostatic milieu and as such its temperature is
dependent on the internal and external conditions of the moment; i. e.,
there is no normal skin temperature in the sense that there is a
normal oral temperature. On the other hand, the skin is far from
poikilothermic. It is constantly being regulated and regulating itself,
and thereby the normal body temperature is maintained. The
principal mechanism in achieving this end is the regulation of the blood
supply to and within the skin. (Skin heat from energy metabolism and
muscle work such as shivering are much less important than the blood
supply in this regard. ) The regulation of the blood supply to the skin
is subtle and complex. The following paragraphs briefly indicate the
types of control over the blood supply of the skin.
• Metabolic and Chemical Regulation
The medullary vasomotor center receives an input from the
carotid body (via glossopharyngeal fibers) and from the
aortic bodies (via the vagi). These centers are sensitive to
carbon dioxide tension and hydrogen ion concentration of the
blood. Increased H ion causes peripheral vasoconstriction
as does increased CO 2 tension. Both H ion concentration and
CO 2 tension are affected by respiration rate, a possible
variable in deception. Decreasing H ion and CO 2 tension
causes chiefly arteriolar dilation. There is also a direct
effect of CO 2 on the medullary vasomotor centers.
Increased CO 2 tension causes vasoconstriction and decreased
CO 2 tension the opposite effect. Locally, the skin responds to
increased H ion concentration, increased CO 2 tension and
decreased oxygen tension by ateriolar dilation via a direct
effect. Conversely, a rise in the concentration of hydroxyl
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ion or an increase in oxygen tension has a direct constricting
effect. These local effects of oxygen and CO 2 are the opposite
of those on the carotid and aortic bodies and thus complemen-
tary, serving to shunt an adequate blood supply to the skin.
Bradykinin, a potent vasodilator,is formed in the skin in
response to internal or external heat. This peptide is also
important in stimulating the activity of the sweat gland which
results in cooling of the skin and counteracting the heating
effect of the bradykinin produced vasodilation.
Hormonal Regulation
Epinephrine and norepinephrine, produced by either the adrenal
glands or liberated from sympathetic nerve terminals in the
skin, cause vasoconstriction. Epinephrine systematically, how-
ever, has a brief but marked calorigenic effect and this heat
may subsequently be lost via skin vasodilation. Angiotonin, a
blood peptide activated by renin from the kidney, causes vaso-
constriction in the skin. The effect of other hormones on
metabolism and on regulation of metabolic rates and thus heat
production are probably of importance in the regulation of skin
blood flow but in a more general way than epinephrine and
nore pinephrine.
Nervous Regulation
The axon reflexes cause local arteriolar dilation in the skin even
if the skin is deprived of its connections with all other parts of
the nervous system. This permits a degree of local nervous
autonomy in the regulation of skin blood flow.
The skin receives efferent fibers from only the sympathetic
division of the autonomic nervous system (ANS). The activity
of these neurons results in vasoconstriction and a cooling of
the skin. _his type of autonomic effect may be important in
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regulating skin temperature since the ANS activity does
change even from such stimuli as mild emotional stress
(e.g., GSR).
The effects of the central nervous system (CNS) on blood
flow to the skin involve all levels of the CNS. At the lowest
level there is the reflex type of response illustrated by a
heat stimulus activating a heat receptor in the skin -- sensory
nerve -- spinal cord -- sympathetic pre- and post-ganglionic
nerves -- blood vessel constriction. The next level involves
the medullary vasomotor centers. Hypothalamic regulation of
body temperature is also important. Finally, cortical and
midbrain activating systems have been shown to exert a pro-
found influence on vascular responsitivity. The CNS activity
can result in both pressor and depressor effects.
In summary, the entire range of physiological control mechanisms
influence the skin temperature. This complexity provides an adequate
mechanism for causing changes in skin temperature in response to
internal or external stimuli of sufficient intensity. A more serious
problem than the measurement of skin temperature changes is the
interpretation of such data in a physiologically meaningful manner.
PILOT STUDY ON INFRARED SENSING OF FACIAL SKIN TEMPERATURE
Summary
The study was divided into two phases. In the initial phase the infrared
scanner was used to take photographs of subjects at rest and just after an
arousing stimulus. Scrutiny of the photographs suggested that the areas
around the mouth and nose changed temperature after arousal. A second
possibility suggested was the forehead. In the second phase, a record was
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taken over time of both the GSI% and facial skin temperature of one subject.
The record shows a generally parallel reaction of the two physiological
responses. Two suggestive findings for this single subject are that (i) the
temperature of the nose and to a lesser extent the forehead rises and falls
with breathing; (2) the skin temperature responses to threatening stimuli
and other arousing stimuli can be differentiated by inspecting the time
record.
First Phase - In the first phase we took a series of full face photographs
of infrared scans. (The time required to make the scan and photograph
was 2-i/2 sec.) Cooperative subjects sat in a prearranged location,
resting their heads on a chin-rest. A study of Figure D1 will illustrate
what can be learned from infrared scans. The warmer an area is the
brighter it will show in scan photographs such as Figure DI. Thus the
eyebrows of the subject are easily picked out as dark arcs. Below the
eyebrows the cheekbones are perceptible since they are cooler, hence
darker, than the immediat ely adjacent areas. The nostrils are similarly
perceptible. The dark line on the upper lip is the result of the combination
of two factors. The subject tends to have a moist upper lip (this is not visible
to an observer who is looking for moisture there but can be detected on a
napkin) and has a slight fat deposit on the upper lip. Similarly the dark
spot below the lips is the result of a small fat deposit. The brighter area
between the dark lines of the lips results from the subjectls open mouth.
The inside of the mouth, as one might expect, is generally warmer than
the exterior facial skin. In contrast, the mouth of the subject in Figures
D2 and D3 is closed. The differenep h_f,x,_._..........+_"_ _+_ ,,,figures is _,,,__ne
subject was slapped just before Figure D3 was made. This slapping
resulted in a cooling of the region around the mouth and a slight cooling of
the nose and forehead. (In comparing Figures D2 and D3, the area just on
the nasal side of each side of each eye can be used as a rough standard.
The skin temperature of this area would be expected to remain the same
even during arousal.) The cooling observed in Figure D3 as contrasted to
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Figure D2 is most likely a cooling resulting from sweat. One of the most
impressive facts about IR monitoring of skin temperature is that IR does
not interfere with the skin's own temperature regulation. Skin temperature
studies using heat exchange or skin contact detecting devices immediately
counter the effects of sweating. Thus it is to be expected that under some
circumstances in which skin temperature studies in the past have shown
an increase in skin temperature, IR could show cooling. The effects of
moisture were illustrated in Figure D4. The subject dried his left upper
lip and moistened his right upper lip and right cheek for the photographs.
The right cheek is much cooler (darker) than the left cheek and there is a
corresponding, although lesser difference between the two sides of the
upper lip. The subject in Figure D4 is the same as that for Figure D1.
The effect of opening and closing the mouth can be seen more clearly in
comparing Figures D1 and D4. The open mouth in Figure D1 is brighter,
relative to its surround, than Figure D4. In the right hand portion of
Figure D4 there is a warm area. This is an improvised temperature
standard. A black can was filled with warm water, the temperature of which
was taken periodically. For Figure D4 the upper part of the can was
97 degrees. To indicate the sensitivity of the scanner, the water in the can
was kept well stirred. Still there is a gradient of temperature from top to
bottom as can be seen by the change from brighter to darker.
Figures D5 and D6 are parallel to 2 and 3 in that they were taken before and
after the occurrence of an arousal stimulus. The stimulus in this case was
the breaking of a balloon. After the "before" or control scan was taken,
the subject held a balloon in his hands and squeezed it until it broke. The
scan in Figure D6 was taken just after the balloon broke. As in the parallel
case of Figures D2 and D3 the change has been for the forehead, nose and
region around the mouth to cool. The nasal area of the eyes is again the
only available standard. At the time Figures D5 and D6 were taken, the
water can standard was not yet set up. Figures D7 and D8 are a pair in
parallel with Figures D5 and D6. The difference in procedure was that
the can was available as a standard for these two photos. Figure D8 is
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generally darker than Figure D7 as can be seen from the difference in
brightness of the can and also of the nasal portion of the eyes. Never-
theless the cooling about the nose and mouth after the subject broke the
balloon is clear. For this subject there is a possibility of cooling on
the forehead, but it is not clear as in the cases of the preceding two
subjects. All three subjects so far also show differences in the degree
of heat about the eyes generally except for the fact that the nasal side
of the eyes appears to have a temperature closer to constant than most
of the rest of the face. Figures D9 and D10 show yet another subject
before and after he broke a balloon. This particular subject is charac-
terized by cheeks so cool that they do not show in the picture. After the
balloon popped the same pattern of cooling around the mouth and nose
occurred that we have seen before. Because the appearance of the
standard can on the two pictures is so similar, we can compare the two
pictures of the forehead directly. There is a vague suggestion of cooling
around the temples as there was in Figure D8, but it is not nearly as
definite as the cooling in the circumoral region. Figures Dll and D12 show
another subject before and after breaking of a balloon. This individual is
also characterized by cool cheeks. In the case of this subject there was a
warming around the nose and mouth rather than a cooling. The warming is
especially noticeable on the bridge of the nose. The face and the standard
are not as bright in Figure D12 as in Figure Dll, therefore there is a sug-
gestion that the temples warmed too. Without a more reliable standard
and the use of a densitometer for studying the photographs (actually, a dif-
ferent kind of print would be required) it is hard to make any entirely
responsible statement about the foreheads of the last three subjects
(Figures D7 through D12). In all of the above cases, the popping of a
balloon produced a detectable change in the region around the nose and
mouth. Of these cases one was a warming of the skin; in the others a
cooling. There were some definite changes on the forehead, especially
around the temples and some suggested changes.
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The series of pictures starting with Figure D13 demonstrate the affect of
another arousing stimulus on a different subject. In this case the subject
placed a pepper in his mouth. Physiological studies of gustatory sweating
have uniformly shown facial heating to accompany gustatory sweating. A
stimulus commonly used in such studies is a pepper in the mouth. Hence
the decision to try a pepper in the pilot study. Figure D14 shows the
subject with the pepper in his mouth. The cooling is dramatic and supports
the notion that traditional skin temperatures studied will show heating when
IR may show cooling. It is also notable that the nasal portion of the eyes
remains constant in temperature. The picture in Figure D15 was taken five
minutes after that in Figure D14. The subject had already spit out the
pepper and rinsed his mouth several times. He also reported that he held
the pepper in his mouth just back of the right side of his lower lip. He
also said that this portion of his mouth felt hot when the picture in Figure D15
was taken. The right side of his lip is a bit warmer in Figure D14, but in
Figure D15 the difference between the right and ]eft side of the lower lip is
more pronounced. In general, by the time the picture in Figure D15 was
taken, the subjectls face had warmed considerably in comparison to when he
first put the pepper in his mouth (Figure D14), but was not nearly as warm
as it had been previous to the pepper (Figure Dt3).
Second Phase - In this phase, simultaneous time records of GSR and facial
skin temperature responses were made. Figure D16 gives the results. The
discussion will follow the lines in Figure D16. The lower line is the galvanic
skin conductance record. A dip in the line indicated an increase in conduc-
tance. The upper line is the record of the temperature of the nose and
surrounding area. A movement upward on the record indicates a decrease
in temperature. The fuzziness in the record comes from an electron micro-
scope being use5 in the vicinity of the data recorder. The most noticeable
characteristic of the early portion of the temperature record is the fairly
regular rise and fall of temperature which results from breathing.
Nasal skin temperature has been used to monitor respiration inside pres-
sure suits. The first event was the experimenter's saying the word "ready"
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which was heard by the subject from the speaker in the subjectts room. On
the same time line there is a simultaneous rise in skin conductance (taken on
the first and second fingers of the right hand) and drop in skin temperature
at the nose. The recovery of both measures was about simultaneous 15
seconds later. (On the chart, one millimeter equals one second. ) The
next evenL the slamming of the door between the experimenterVs and
subjectrs rooms, produced a sharp increase in conductance and a drop in
temperature. When, following this, the subject was instructed to take a
deep breath, and hold it, his nose warmed for about four seconds and then
cooled drastically for the next five. The nose then warmed gradually for
twenty seconds as he held his breath. By the time the experimenter said
"Okay to breath again", (see the record in Figure DI6) the nose had reached
the temperature it had before the subject was told to hold his breath.
Through all of this, the parallelism of the IR and GSR records is striking.
If the directions were reversed on one of these two the effect would be of
parallel lines. Currently the two records make a mirror image of each
other. The parallelism carries into the need to reset levels, the effects
of holding the breath and the forced exhaling indicated on the chart.
In summary, HoneywellVs infrared monitoring technique had been shown to
be effective means for the remote measurement of a subjectVs facial skin
temperature. Research directed toward a refined methodology and an
improved apparatus is continuing on a company-funded basis. Hopefully,
this research will permit us to make application of these techniques in
the current lunar surface operations contract in order to better monitor the
physiological condition of subjects.
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Figure 3-79. Reaction Time, 1st 72-Hour Simulation
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Figure 3-80. Reaction Time, 2nd 72-Hour Simulation
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